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Abstract 
China’s energy structure is characterized by a striking dominance of coal. This situation is not 
expected to change in a foreseeable future and causes serious environmental problems. A high 
percentage of polluting emissions discharged in China are caused by the inefficient 
combustion of coal in power plants. Therefore, the diffusion of clean coal combustion 
technologies (CCCT) for electricity generating facilities is highly important with regard to a 
sustainable energy development in China.  
The Chinese government has initiated some measures in order to popularize CCCT, which 
have, however, not resulted in their broad deployment. The presented paper aims at 
identifying barriers to CCCT diffusion and offering policy recommendations to stimulate the 
deployment process. It investigates the problem formulation: How may public policies help to 
overcome barriers to the diffusion of clean coal combustion technologies for power plants in 
China? 
The study includes a detailed introduction to the technical principles and current deployment 
of important combustion technologies – both in China and at a global level. The investigation 
of CCCT diffusion obstacles is based on the ‘Technological System Approach’, which 
assumes that diffusion processes are determined by technical and non-technical factors. 
Hence, we investigate obstacles related to actors and networks, institutions, physical artifacts 
and natural resources.  
Derived from that analysis, the report develops a comprehensive set of integrated policy 
recommendations which cover the following aspects of CCCT diffusion: Providing a 
comprehensive and effective management of CCCT promotion, creating a stimulating policy 
framework and inducing CCCT capacity building. Including measures, which improve 
bureaucratic procedures and the connectivity among actors, increase CCCT-related 
knowledge and create economic incentives to the adoption of advanced combustion devices, 
those three ‘pillars’ might speed up CCCT diffusion in China.  
  
 
 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 3
 Acknowledgements 
There are many people we’d like to thank. Special thanks are due to our supervisors Prof. Ole 
Jess Olsen and Associate Prof. Bent Sødergård, who provided us with interview contacts and 
much valuable information.  
We are grateful to our interviewees who shared their expertise with us. These people include: 
Knut Berge, Jim Watson, Finn Normann Christiansen and Stephanie B. Oshita. We also thank 
Odie Villar for her contributions to the interviews and material preparation at an earlier stage 
of our work. Our opponent group supervisors, Inger Stauning and Erik Bubandt, do as well 
merit some words of gratitude for their helpful feedbacks.   
We are thankful to numerous people who read and commented upon individual chapters of 
our report and to others who provided specific information on request. This includes: Dr. 
David Creed, Paul Steenhof, Anthony Caruso, Jing Zhang, Fang Jinghua, Risø National 
Laboratory, World Coal Institute and China Coal Research Institute. 
 
Both of us have some personal acknowledgements: 
Liguang: The support and encouragement of my wife and my daughter were crucial. The 
time I studied in Denmark was time I would have spent with them, yet they responded to this 
with genuine understanding and encouragement.  
I feel deeply indebted to my partner, Daniel Vallentin, who motivated me to expand the 
perspective of the research and to work more efficiently. The project witnesses the start of our 
collaboration and friendship. 
 
Daniel: I want to express sincere gratitude to my family – Mama, Papa and Simone. I missed 
you a lot during this year and I’m looking forward to coming home again. Thank you for your 
warm and encouraging words on the phone, postcards and all the chocolate you sent to this 
expensive country.  
I thank Marisa who shares so much with me and who I deeply love for her courage and 
willingness to stay with me - despite the distance and all the trouble you had because of my 
studies abroad.  
Finally, I’d like to thank Liguang for this year full of experiences and hard work. You taught 
me a lot about China and the Asian culture. I’m happy to be your friend and partner! 
 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 4
Table of Contents 
List of Abbreviations 7 
  
1. Introduction 10 
  
2. Methodology 11 
  
2.1 Problem Formulation 11 
2.2 Analytical Framework 12 
2.3 Level of Study 13 
2.4 Sources of Data 13 
2.5 Problems Encountered 15 
 
 
3. Coal in China’s Energy Supply and Demand 16 
 
 
3.1 Coal-dependent Energy Structure 16 
  
3.2 Outlook of China’s Coal-Relevant Industry 19 
  
3.3 Necessities to Develop Clean Coal Technologies 20 
  
4. Clean Coal Technologies: Definition and Progress 22 
  
4.1 Definitions 22 
  
4.2 Categories of Clean Coal Technologies 24 
4.2.1 Clean Coal Combustion Technologies 24 
4.2.2 Other Clean Coal Technologies 27 
4.2.3 Categories of Clean Coal Technologies in China 28 
  
4.3 Deployment of Combustion Technologies in the World 29 
  
4.4 Current Status of Clean Coal Combustion Technologies in China 30 
4.4.1 Overview of Combustion Technologies in the Power Industry 30 
4.4.2 Technologies which Have Been Widely Applied 32 
4.4.3 Technologies Ready for Large-Scale Diffusion 34 
4.4.4 Technologies at a Development or Demonstration Stage  38 
  
5. An Analytical Framework for CCCT Diffusion in China 39 
  
5.1 Embedding CCCT into the Concepts of Innovation and Diffusion 39 
5.1.1 Concepts of Innovation 39 
5.1.2 The Concept of Diffusion 41 
 
5.2 Clean Coal Combustion Technologies as a Part of a Technological 
      System 
 
43 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 5
5.2.1 Selecting an Innovation System Approach 43 
5.2.2 The Technological System Approach 44 
  
5.3 The Role of Public Policies in Technology Diffusion with Respect to 
CCCT 
48 
5.3.1 Opportunities for Political Intervention in Technology Diffusion 48 
5.3.2 Policy Instruments to Foster Technology Diffusion 50 
  
6. Obstacles to CCCT Diffusion 52 
  
6.1 Institutional Obstacles 53 
6.1.1 Poor Design and Implementation of Air Pollution Legislation 54 
6.1.2 Incoherent Reform of China’s Energy Sector 56 
6.1.3 Insufficient Protection of Intellectual Property 58 
6.1.4 Complex Institutional Requirements for Foreign Investments in the Power 
         Sector 
59 
6.1.5 Insufficient R&D Funding 62 
  
6.2 Obstacles Related to Actors and Networks 65 
6.2.1 Fragmented Decision-Making at the Central Level 65 
6.2.2 Tensions Between the Central Leadership and Provincial Governments  68 
6.2.3 Limited Resources and Low Economic Competence at China’s Power 
         Companies 
70 
6.2.4 Retreating Foreign Investors in the Power Sector 74 
  
6.3. Obstacles Related to Natural Resources 77 
6.3.1 ‘Limited’ Qualified Coal for Power Plants 77 
6.3.2 Low Coal Preparation Rate 79 
6.3.3 Inappropriate Coal Transportation Infrastructure 81 
  
6.4 Technological Obstacles 83 
6.4.1 Adaptable CCCT for the Coal Available 84 
6.4.2 Complementary Technological Considerations in China 87 
  
6.5 Summary: Current Obstacles to CCCT Diffusion in China 89 
  
7. Policy Recommendations 91 
  
7.1 Comprehensive and Effective Management of CCCT Promotion 92 
7.1.1 Creating a Central Forum for CCCT Promotion 93 
7.1.2 Easing Approval Procedures for Power Investment Projects 94 
  
7.2 Creating a Stimulating Policy Framework 96 
7.2.1 Provision of a Long-Term Energy Strategy 96 
7.2.2 Promoting a Stepwise Electricity Market Reform 98 
7.2.3 Improving the Design and Implementation of China’s Environmental 
         Legislation 
 
99 
7.2.4 Providing Financial Incentives to CCCT Adoption 102 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 6
  
7.3 Inducing CCCT Capacity Building 104 
7.3.1 Intensifying China’s Energy Research and Development Activities 105 
7.3.2 Establishing Information Dissemination Mechanisms 106 
  
8. List of References 108 
 
Figures 
3-1 Coal’s Share in Primary Energy Supply Mix in China (1960-2003) 17 
3-2 Electricity Generation by Fuels in China (2002) 18 
3-3 Outlook of Installed Power Capacity Mix in China (2002-2030) 20 
  
4-1 Electricity Generation and Installed Capacity in China (1990-2004) 31 
  
5-1 The Analytical Framework 45 
  
6-1 Approval for Foreign CJV and EJV Power Projects in China 61 
6-2 China’s Gross Domestic Expenditure on R&D (GERD) 1997-2000 62 
6-3 China’s R&D Expenditure by Industries in 2000 63 
6-4 Central Level Authorities Involved in CCCT Deployment  67 
6-5 Electricity Output, Power Demand and FDI in the Chinese Power Sector 75 
  
7-1 An Integrated Set of Policy Recommendations 91 
7-2 Model for a Unified CCT Policy Decision-Making System 94 
7-3 Current and Recommended Approval Procedure 95 
 
Tables 
3-1 Reserves and Mix of China’s Fossil Resources 16 
4-1 Chinese Clean Coal Technologies (CCT) 28 
6-1 Key Policies for CCCT Promotion 54 
6-2 Air Pollution Policies Affecting CCCT Diffusion 55 
6-3 CCT R&D Programs 64 
6-4 Capacity Expansion Targets of China’s Power Companies 72 
6-5 Sulfur and Ash Contents of Chinese Coal 78 
6-6 Comparison of Four Advanced Clean Coal Technologies 86 
6-7 Technical Barriers and Development Perspective of Advanced CCCT 87 
 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 7
List of Abbreviations 
ADB Asian Development Bank 
ACFBC Atmospheric Circulating Fluidized Bed Combustion 
AFBC Atmospheric Fluidized Bed Combustion 
BOT Build-Operate-Transfer 
BWE Burmeister & Wain Energy A/S 
CBM Coal Bed Methane 
CCICED China Council for International Cooperation on Environment and 
Development 
CCT Clean Coal Technologies 
CCCT Clean Coal Combustion Technologies 
CDM Clean Development Mechanism 
CFBC Circulating Fluidized Bed Combustion 
CJV Cooperation Joint Ventures 
CO2 Carbon Dioxide 
CWM Coal Water Mixture 
DFID UK Department of International Development 
DOE U.S. Department of Energy 
DTI UK Department of Trade and Industry 
EJV Equity Joint Ventures 
EPB Environmental Protection Bureau 
ERI Energy Research Institute 
FBC Fluidized Bed Combustion 
FCCC Framework Convention on Climate Change 
FDI Foreign Direct Investment 
FGD Flue Gas Desulfurisation 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 8
FIA Foreign Investment Administration 
FSR Feasibility Report 
GDP Gross Domestic Product 
GEF Global Environmental Facility 
GERD Gross Domestic Expenditure on R&D 
GHG Greenhouse Gas 
GW Gigawatt 
IEA International Energy Agency 
IGCC Integrated Gasification Combined Cycle 
IPP Independent Power Producers 
IPR Intellectual Property Right 
KWh Kilowatt Hour   
METI Japan Ministry of Economy, Trade and Industry 
MOFCOM Ministry of Commerce 
MOST Ministry of Science and Technology 
Mt Million tons 
MW Megawatt 
NDRC National Development and Reform Commission 
NEPA National Environmental Protection Agency 
NMA National Mining Association (US) 
NOx Oxides of Nitrogen 
OECD Organization for Economic Cooperation and Development 
OSA One-Stop Agency 
PCC Pulverized Coal Combustion 
PCF Prototype Carbon Fund 
PFBC Pressurized Fluidized Bed Combustion  
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 9
PPA Power Purchase Agreement 
PPCC Pressurized Pulverized Combustion of Coal 
R&D Research & Development  
RMB Ren Min Bi (Chinese Yuan) 
SAFE State Administration of Foreign Exchange 
SDPC State Development and Planning Commission 
SEPA State Environmental Protection Agency 
SERC State Electricity Regulation Commission 
SETC State Economic and Trade Commission 
SO2 Sulfur Dioxide 
SOx Oxides of Sulfur 
SPCC State Power Corporation of China 
SSTC State Science and Technology Commission 
S&T Science & Technology 
TCE Tons of Coal Equivalent 
TOE Tons of Oil Equivalent 
TWh Terawatt hour 
VAT Value-Added Tax 
WCI World Coal Institute 
WEO World Energy Outlook 
WEC World Energy Council 
WOFV Wholly Owned Foreign Ventures 
WTO World Trade Organization 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 10
1. Introduction 
China is an industrializing country in transition from a planned economic system to a socialist 
market economy, where increasing industrialization and rapid economic development are 
underpinned by growing energy usage. China is the second largest energy consumer in the 
world with coal as its dominant energy source.  
Coal plays an important role in the development of the national economy. Since China is rich 
in coal reserves, the country’s coal dominated energy structure will not change for a 
considerable period. However, the high consumption of coal is associated with low energy 
utilization efficiency and serious environmental problems, especially caused by the discharge 
of dust, SO2 and CO2, which have become serious concerns. Clean coal technologies (CCT) 
are effective ways to address these challenges. They include a series of technologies in the 
chain of coal exploitation, combustion, conversion and pollution control, all of which offer 
technical improvements in coal utilization efficiency and environmental pollution reduction.  
China’s power sector is the largest consumer of the coal industry. Clean coal technologies for 
coal preparation and coal combustion as well as clean-up technologies are all playing a vitally 
important role in power generation processes. The advantages of widespread deployment of 
clean coal combustion technologies (CCCT) in power plants are that they are able to utilize 
abundant and cheap coal more efficiently, thereby, solving the environmental problems 
associated with coal.  
At present, China’s electricity demand is well in excess of supply and is continuing to grow at 
a tremendous rate. There is a trend towards larger, more efficient power plants, which is 
accompanied by the closure of small, inefficient units. At the same time, ongoing energy 
sector reforms, increasingly strict air pollution regulations and participation of domestic 
generation companies and foreign investors are expected to push the diffusion of clean coal 
technologies. China’s government started to introduce and promote clean coal technologies 
more than ten years ago, but due to China’s specific political, economic, social and cultural 
situation, there is still a long way to go to diffuse CCT on a large scale.  
Intrigued by the imperativeness and difficulties of technology diffusion and enforcement in 
China, this report investigates the topic of clean coal technology diffusion, with focus on 
combustion technologies for power plants and policy solutions. The problem we propose to 
answer is: How may public policies help to overcome barriers to the diffusion of clean coal 
combustion technologies for power plants in China? Through the study of relevant theories 
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and empirical practices, literature reading and comparison, site visits and interviews, the 
project intends to critically analyze the main obstacles, which are currently limiting the 
diffusion of CCCT in China. Based upon these, the report provides policy options to stimulate 
their broader deployment in the Chinese power sector. Some sub-questions we try to answer 
include: What is the present state of CCCT deployment in China? Which theories might help 
to analyze CCCT diffusion? Which factors restrict the wide deployment of CCCT in China? 
Which options can China take in order to speed up the diffusion process?  
The structure of the report composes of 9 chapters, beginning with an introduction to the 
project and ending with a list of references. The second chapter describes the research 
methods we used for conducting the project. The third chapter highlights coal’s dominant role 
in China’s energy demand and supply and the necessity to introduce clean coal combustion 
technologies. In chapter four, we give a description of CCT, including definitions, categories 
as well as their present deployment in the world and China. Chapter five sets up the analytical 
framework for investigating processes of technology diffusion, creatively integrating relevant 
theories. Based on the theoretical framework, chapter six analyzes in detail the obstacles that 
are currently blocking the wide diffusion of CCCT. Chapter seven provides possible policy 
options in order to stimulate CCCT deployment, including different but complementary 
aspects.  
 
2. Methodology 
2.1 Problem Formulation  
The chosen problem formulation addresses the fact that China’s government and several 
international actors have made some efforts in promoting CCCT in China but didn’t succeed 
in diffusing them on a large scale. In recognition of this situation, our problem formulation 
implies two analytical tasks:  
Firstly, identifying obstacles, which inhibit CCCT diffusion. This includes both ‘hard’ 
aspects, such as obstacles related to technical issues and natural resources, and ‘soft’ aspects, 
such as institutional and actor-related obstacles, which constitute a complex set of framework 
conditions affecting technological change.  
Secondly, since the chosen problem formulation is a planning problem, it includes the 
elaboration of feasible policies, which might help to overcome obstacles to CCCT diffusion. 
This section is clearly addressed to the report’s main target group - Chinese policy-makers – 
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and incorporates the question, which opportunities and instruments national governments 
have in order to induce technology diffusion. The presented policy recommendations are 
inspired by international cases of best practice but do strongly consider China’s unique 
economic, political and cultural situation. 
 
2.2 Analytical Framework  
The analytical framework of this report consists of three main sections. In the first section, we 
aim at embedding clean coal combustion technologies into the concepts of innovation and 
diffusion. Both innovation and diffusion are stages of technological change. They are closely 
related to each other as the specific features of an innovation influence the probability to push 
it from a state of demonstration to a state of standardization. The concerned chapter presents 
different concepts and types of innovations and relates them to CCCT. Afterwards, we give a 
brief introduction to the concept of technology diffusion, which is mainly based on the work 
of Everett Rogers. Rogers has written an extensive study about the diffusion of innovations. It 
is particularly useful for our report since it includes a set of factors determining the market 
spread of new, advanced technologies.  
In the second section, we select an innovation system approach, which is suitable for the 
analysis of our problem formulation. The family of systems of innovation approaches fits for 
our project because it recognizes the fact that innovations and their diffusion are affected by a 
broad set of interacting framework conditions. We apply the so-called ‘Technological System 
Approach’, invented by Thomas Hughes and refined by a Swedish group of researchers led by 
Bo Carlsson. The Technological System Approach focuses on specific technological areas 
and addresses the interaction of technical and non-technical attributes. We combine elements 
of Hughes’ and Carlsson’s concepts in order to build an analytical framework which is 
explicitly adapted to CCCT diffusion in China. 
In the third section, we discuss the role of public policies in technology diffusion. Firstly, we 
answer the question why national governments decide to be involved in technology diffusion 
processes. The discussion is mainly based on an article of Bo Carlsson and Staffan Jacobsson 
who derive some key lessons for policy-makers from their research on technological systems. 
In a second sub-chapter, we present a set of policy instruments, which may foster technology 
diffusion. This section is highly relevant for the elaboration of policy measures to induce 
CCCT diffusion in China. Our classification of different policy instruments is inspired by an 
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article of René Kemp, who identifies “Best Policy Instruments to Foster Environmental 
Technologies” (Kemp, 1997: 317) and a report of Atle Christer Christiansen who investigates 
the role of public policies in technological change.  
 
2.3 Level of Study  
Our study is focused at the national level of China since the country’s power sector is still 
controlled by the central government. Hence, the diffusion of CCCT is strongly affected by 
the national government’s energy policy and power sector management. The policy 
recommendations presented in chapter seven are mainly addressed to national policy-makers. 
However, as the deployment of high-efficient combustion devices is also influenced by 
provincial factors (e.g. economic development, environmental awareness), the report includes 
some considerations and suggestions regarding China’s provinces.  
Our study takes into account successful cases of CCCT promotion in other countries but does 
not apply a comparative perspective. Since many CCCT diffusion initiatives failed because 
they didn’t devote sufficient attention to China’s specific needs, we recognize that China’s 
cultural, political and economic framework conditions are unique. China is in need of an 
individual plan for CCCT diffusion, which may be inspired but not determined by other 
countries’ strategies.  
From a technological point of view, the report is adjusted to the broad area of CCCT. China’s 
provinces show varying economic, geographic and environmental conditions for CCCT 
adoption and do therefore favor different technical options. Aiming at giving policy 
recommendations directed to national policy-makers, this report avoids selecting a specific 
CCCT.         
 
2.4 Sources of Data  
The information and data utilized in this report were gathered from secondary1 and primary2 
sources. Secondary data come from numerous scientific journals, research papers, books, 
industry and technology reports as well as conference briefing papers and presentations. 
Besides, we consulted international energy statistics and Chinese statistical yearbooks. 
Publications and data provided by the International Energy Agency (IEA) and reports written 
by Jim Watson and Stephanie B. Ohshita turned out to be particularly helpful. Quoted 
                                                 
1
 Secondary sources contain reproduced information.  
2
 Primary sources give original, first-hand information.  
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secondary sources were extracted from the web and different libraries. In addition, we 
requested material from relevant institutions, such as the World Coal Institute, China 
Electricity Council, National Development and Reform Commission, CICERO Research 
Institute and Asian Development Bank. 
As primary sources, we called in official documents, such as former and current Five Year 
Plans, national laws and other kinds of political or legislative documents. In order to increase 
our practical knowledge about power generating technologies, the group visited the Danish 
Avedøre power plant, which applies high-efficient ultra-supercritical (USC) combustion 
equipment. Furthermore, we established contacts and arranged interviews with several 
international and Chinese researchers, officials and power managers. Interviews (personally 
or via phone) with the following persons were conducted: 
• Knut Berge (17.1.2005, personal interview): Mr. Berge is one of the leading Danish 
engineers for power generating technologies. He is a member of the Danish Energy Board 
of Appeal and has been involved in numerous international CCCT projects.  
• Jim Watson (24.2.2005, phone interview): Mr. Watson was trained as an engineer and is 
employed as a Research Fellow with the SPRU (Science and Technology Policy Research, 
University of Sussex) Energy Program. His main area of expertise is in policies for the 
development and deployment of cleaner energy technologies. His work in this area 
includes the investigation of international experiences of cleaner coal technology transfer 
to China.  
• Finn Normann Christiansen (9.3.2005, personal interview): Mr. Christiansen is Chief 
Executive Officer of the Danish-Italian hi-tech company Burmeister & Wain Energy A/S 
(BWE), which has specialized in design of advanced ultra-supercritical steam boilers for 
power stations. BWE is currently carrying out a project in the Chinese province of 
Shangdong in which it designs the technology for a coal-fired USC power plant. Mr. 
Christiansen chairs the negotiations with BWE’s Chinese partners and has a deep 
knowledge about obstacles to and potential of CCCT diffusion. 
• Stephanie B. Ohshita (11.3.2005, phone interview): Mrs. Ohshita is Assistant Professor of 
Environmental Science and Management at the University of San Francisco. Her research 
centers on energy and environmental policy design and implementation in China, Japan 
and the U.S., with a focus on technology diffusion. During the last five years, Mrs. 
Ohshita has published several articles on the diffusion of clean coal technologies in China.   
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The listed interviewees were selected by the so-called ‘snowball method’, being referred from 
one interviewee to the next. The interviews3 followed a uniform questionnaire. It contains 
descriptive questions, which helped to gain crucial knowledge about our research area, and 
structural questions, aiming at verifying our analysis. The questionnaire functioned as a read 
thread and was supplemented with spontaneous questions, which resulted from the 
interview’s course. The interviews with Finn Normann Christiansen, Stephanie B. Ohshita 
and Jim Watson are quoted in the analytical sections of this report. Transcripts of the 
conversations plus our questionnaire are compiled in a separate paper. Interested readers may 
request for a copy.   
 
2.5 Problems Encountered 
Scarcity of reliable and recent data on the performance of China’s power sector presented a 
major problem encountered during the research process. Political and economic decision-
making processes in China are by far not as transparent as in Western countries; hence, many 
important documents and information are not available or accessible. This problem is partly 
due to the current transition process of China’s economic system. During the past five years, 
there have been rapid changes in the economic, political and bureaucratic framework of 
China’s power sector, which are not yet covered by scientific research. The experienced lack 
of information was intensified by difficulties to get in touch with Chinese researchers, 
managers or politicians. Therefore, we decided to conduct interviews with experts from 
Western countries, which were easier to contact.  
The language barrier created a problem for the non-Chinese member of our group. Although 
we shared the translated information written in Chinese language during our meetings, it 
hampered the daily work. Websites of many Chinese organizations, companies or State 
agencies are only in Chinese language or contain a very limited English section. This problem 
greatly increased the amount of time it took to collect the relevant information and data.  
Concerning our theoretical work, it turned out that there is little literature on how public 
policies may support the market diffusion of innovative technologies. Whereas the 
inducement of innovations is discussed in several books and papers, the stimulation of 
technology diffusion by political means is a rather neglected field of study. Many researchers 
                                                 
3
 The interview with Knut Bergen did not follow the questionnaire. It is not quoted in the analytical chapters.  
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fail in complementing their analysis of technology diffusion processes with feasible 
conclusions on how to affect and speed up deployment processes.  
Finally, the high complexity of our subject created an enormous challenge. Since China is a 
country with quick political and technical changes, a broad set of correlating determinants 
affects CCCT diffusion. It was very difficult to comprehend and understand the full range of 
factors and convert them into a proper analysis.  
 
3. Coal in China’s Energy Supply and Demand 
Harboring about 1.3 billion inhabitants, China is the world’s most populous country and a key 
player on the world energy market. It is the second largest consumer of primary energy, 
ranked after the U.S. During the past 20 years, China has been one of the fastest growing 
economies in the world, with its GDP increasing at an average annual rate of 9.4% over the 
past 25 years (China Daily, 2004a).  
Coal makes up the bulk of China's primary energy consumption and China is both the largest 
consumer and producer of coal in the world. In 2004, coal production in China reached to 
1.96 billion tons, more than one third of the world production (SINA, 2005), and the 
continuously growing economy consumed almost all of these coals. However, the low 
efficiency and serious pollution of coal in mining, processing and utilization have constrained 
the further development to a considerable extent. In this chapter, we will discuss the dominant 
role of coal in China’s energy structure. 
 
3.1 Coal-Dependent Energy Structure 
Coal, with comparatively rich reserves, plays a key role in meeting China’s growing energy 
demand and fuelling the economy.  
Table 3-1 Reserves and Mix of China’s Fossil Resources 
Energy Items Coal (109 tons) Oil  (109 tons) Gas (109 m3) 
Total exploitable reserves 1007.7 16 2060.6 
Mix (%) 87.4 2.8 0.3 
World figure 35275 2567.5 2663007.5 
China's share (%) 2.9 0.6 0.1 
Proven recoverable reserves 114.5 3.27 1366.9 
Mix (%) 58.8 3.4 1.3 
World figure 984.2 140.3 149381.1 
China's share (%) 11.6 2.3 0.9 
Source: Jiacheng et al, 2001: 5. 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 17
According to the 1992 geological exploitation survey, the total exploitable reserves of coal 
amount 1007.7 billion tons and the proven recoverable reserves amount 114.5 billion tons, 
providing 11.6% of the world’s coal reserves (see table 3-1). Other fossil fuels, oil and natural 
gas occupy only small shares in China. 
The following aspects demonstrate coal’s dominant role in China: 
• Coal Is the Main Fuel in the Primary Energy Production and Consumption Mix 
Different from many other countries, China mainly consumes indigenous coal. Even with the 
increasing energy demand and supply, coal remains the main primary energy source. The 
usage of other fossil fuels and renewable resources has increased during the past 40 years and 
coal has shown a falling percentage in China’s energy production mix but, however, the 
figure has rebounded recently. In 2003, coal production reached 1730 million tons, 
accounting for about 74.6% of the primary energy production (figure 3-1). Coal consumption 
also occupies the main parts of China’s energy consumption. In 2003, coal’s share in the 
country’s energy consumption mix was 68% (Jiacheng, 2004: 27).  
Figure 3-1 Coal’s Share in Primary Energy Supply Mix in China (1960-2003) 
95. 6 88. 0
70. 6 69. 4 72. 8 74. 2 75. 3 66. 6 74. 6
81.6
0%
20%
40%
60%
80%
100%
1960 1965 1970 1975 1980 1985 1990 1995 2000 2003
Nuclear
Hydro
Natural
Gas
Oil
Coal
 Source: China Statistical Yearbook, various years 
• Coal Has a Large Proportion in Final Energy Consumption 
In 1971, 74% of China’s coal was directly used for final consumption. In 2000, although a 
series of measures have been taken to enhance the transforming rate of coal, 43% of the 
Chinese coal was still directly used for final consumption. Electricity, as a secondary energy, 
underwent a fast growth rate of 7.9% from 1971 to 2000. However, it only had a 16% share in 
the final energy consumption mix in 2000 (IEA, 2002: 462). Coal accounts for 72% of power, 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 18
50% of feedstock for chemical production, 90% of the fuel for industrial boilers and 40% of 
household fuels (Development Research Center of the State Council, 2003: 81). 
China’s industry is the biggest sector to consume coal. In 2000, 314 million toe (54%) were 
consumed by the industrial sector. In 2001, coal for intermediate consumption was about 
65.2%; less than 50% of the coal was utilized for power production (China Statistics Press, 
2003: 268).  
• Proportion of Coal in China’s Power Industry 
China is the world’s second largest producer of electricity after the Unites States. Its installed 
power generating capacity reached 360 GW in 2002, in which about 247 GW came from coal-
fired power plants. Coal fired power plants in China provide 95% of thermal generation. In 
terms of actual electricity generation, thermal power accounts for 80% of the total 1675 TWh 
(IEA, 2004b: 483). Figure 3-2 shows the amount and share of each fuel in the electricity 
generation mix. Of the total 1607.8 million tons of coal produced in 2001, the power sector’s 
usage amounted 576.9 million tons, which is more than one third of China’s total coal 
consumption (op. cit).  
Figure 3-2: Electricity Generation by Fuels in China (2002) 
Unit: TWh
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Source: IEA, 2004b: 220 
 
• Environmental Pollution 
While China is witnessing great economic growth, its environmental problems raise 
increasing concerns of the international community. To a large extent, atmospheric 
environmental pollution is due to the coal-dominant structure, especially the coal’s direct 
combustion and inefficient use.  
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Soot-type pollution associated with coal burning is the main source of air pollution in China. 
Carbon dioxide emissions are the second highest in the world and the areas affected by sulfur 
pollution, in the form of acid rain, represent about 40% of the whole territory. 80% of smoke 
and dust, 90% of sulfur dioxide, 79% of carbon dioxide, 82.5% of carbon monoxide and 70% 
of nitrogen oxides are caused by coal combustion (Xue et al, 1999: 3). Pollution problems 
have caused a huge economic loss and severely harmed human health and livelihood. 
 
3.2 Outlook of China’s Coal-Relevant Industry 
It is estimated that, until 2030, China will remain the world’s biggest producer of both steam 
and coking coal. Coal production is projected to increase to 2 490 Mt in 2030 or 35% of the 
world total (CoalLeader, 2004). Meanwhile, China's coal demand is expected to rise 
significantly. While coal's share in the overall Chinese energy consumption is estimated to fall 
due to the growing use of natural gas in electricity generation and oil in transportation, coal 
consumption will increase in absolute terms. According to the IEA, total primary energy 
consumption in China will boost from 1242 Million toe in 2002 to 2539 Million toe in 2030; 
while coal consumption will reach an amount of 1354 Million toe in 2030, about 53% of 
China’s energy demand mix, being reduced by only 4 percentage points compared to 57% in 
2002 (IEA, 2004b: 482). 
Coal-fired power plants will exhibit a similar trend, with slightly falling percentage but 
increasing coal-fired power capacity (figure 3-3). It is estimated that power generation will 
account for 72% of coal consumption and installed capacity for about 65% of coal 
combustion in 2030 (op. cit.: 482).  
In the future, coal’s share in the final energy consumption will decrease continuously, from 
43% in 2000 to 29% in 2020. The share of electricity in the final energy consumption will 
increase from 16% in 2002 to 23% in 2020 and 26% in 2030 (IEA, 2002: 462). The dropping 
percentage of coal’s direct usage will be beneficial for environmental protection.  
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Figure 3-3 Outlook of Installed Power Capacity Mix in China (2002-2030) 
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China is becoming more open to foreign investment in the coal sector, particularly regarding 
the modernization of existing large-scale mines and the development of new ones. Recent 
interest areas of foreign investment concentrate on new technologies with environmental 
benefits, including a wide range of clean coal technologies: coal combustion, coal 
liquefaction, coal bed methane production etc.  Over the longer term, China’s coal sector 
requires further investment not only to expand capacity but also to modernize existing 
facilities. Some actions include mechanizing underground mines, building coal-preparation 
plants and improving rail transport, water supply and waste-disposal facilities.  
 
3.3 Necessities to Develop Clean Coal Technologies 
From the data presented above, we derive two evident features of China's energy structure: 
Firstly, coal accounts for the largest part in the production and consumption of primary 
energy. Secondly, coal-fired power accounts for the largest part in installed generating 
capacity and produced electricity. This situation is not expected to change greatly during the 
next 40-50 years. 
Partly because coal emits more pollutants and more carbon dioxide than oil or gas –fired 
plants, few coal-fired power plants have been built in recent years in developed countries 
outside Asia. Potential investors have shied away from coal-fired power plants, fearing that 
new environmental rules could limit their use and increase costs. Aiming at reducing the 
environmental impacts and enhancing the efficiency of coal usage, the diffusion of CCT could 
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minimize investment risks and give a major boost to the prospects of coal demand. In the 
early 1990s, the Chinese central government mapped out the Agenda 21 of China, 
establishing a sustainable developmental strategy. Clean coal technology is an important 
element of the agenda and has now become a central strategic option of China’s future energy 
development. 
Clean coal technologies have a broad market potential in China, especially due to the 
country’s increasing electricity demand and its booming economy. This report is focused on 
efficient combustion technologies. In the late 1990s, Lawrence Livermore National 
Laboratory used its power system planning model to examine the potential of CCCT in China. 
The results indicate that China could possibly build 110,000 MW IGCC and 55,000 MW 
AFBC during the next 20 years. In particular, the study points out that, corresponding to this 
scenario, polluting emissions would be substantially less than in case of using conventional 
technologies; SO2 would be reduced by 69%, particulates by 61% and CO2 by 16% (Nautilus 
Institute, 1999: 25). Therefore, China is a promising market for foreign CCCT developers. 
Being commercial and well proven under Chinese conditions, the potential for replication and 
diffusion of CCCT in China could be substantially higher. 
The necessity of developing clean coal technologies in China is confirmed by the following 
aspects: 
• It Is a Requirement for a Sustainable Energy Development 
Sustainable energy development in China demands to vigorously pursue clean coal 
technologies. China's energy industry is based upon coal, but the production and consumption 
of clean coal is very low. Besides, the share of clean and efficient energy in China is small 
and the percentage of electricity in final energy consumption is much lower than the world's 
average level. Therefore, it is imperative to develop CCT, providing cleaner energy for the 
society.  
• It Is a Requirement for Using Coal More Efficiently  
Coal will remain its dominant position in China’s energy mix for a long time. However, 
despite China’s coal resources are rich, the country’s coal deposits are limited. CCT, 
including deep processing, conversion and pollution control, increase the amount of energy 
gained from each ton of coal and contribute to emission reductions. Stimulating large-scale 
adoption of CCT, the proportion of coal for direct use would decrease.  
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• The Development of Clean Coal Technologies Will Open Up a New Market  
China is one of the fastest growing economies in the world, with coal being the ‘engine’ of 
growth. The development of CCT will lead to the formation of a new, large market, which 
may involve the participation of multiple industries like coal, power, chemistry, metallurgy, 
manufacturing, environmental protection etc. The potential demand for coal preparation, coal 
combustion and clean-up technology in China is immense. China owns competitive 
equipment manufacturing capacity, but is in lack of advanced technology designing capacity. 
Technology transfer and project cooperation are conductive to fill these gaps. 
• Clean Coal Technologies Provide Various Win-Win Opportunities 
The greenhouse gas effect has raised the world’s concern, while the widespread adoption of 
CCT provides a realistic solution to a substantial reduction of CO2 emissions from coal 
utilization. Furthermore, CCT reduce local air pollution and acid rain. Second, if organized 
and implemented well, the wide deployment of CCT may combine economic and 
environmental benefits. Third, China will get access to advanced technologies through 
technology transfer and information exchange. Besides, CCT diffusion might improve 
environmental awareness and stimulate strategic thinking. Regarding international technology 
suppliers, China’s huge CCT demand provides an emerging market with high commercial 
profits.  
• It Is More Economic to Use Clean Coal Technologies in the Long Run 
Initial construction costs are the major barrier to CCT adoption. The government and other 
stakeholders need to take some actions, including increased research and development 
activities, in order to reduce these costs. More importantly, in the long run, with stricter 
requirements of environmental legislation and rising energy prices, investment in CCT might 
help to enhance coal utilization costs, save fuel input costs and environmental treatment 
costs. Applying a strategic long-term perspective, clean coal technologies are a cost-effective 
choice.   
   
4. Clean Coal Technologies: Definition and Progress  
4.1 Definitions 
The definition of clean coal technologies is not a simple one. It is defined by the objective to 
reduce the output of certain by-products of coal production and consumption, which is the 
main reason to use the word ‘clean’. In the World Coal Institute report ‘Coal Power for 
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Progress’, CCT are defined as “technologies designed to enhance both the efficiency and the 
environmental acceptability of coal extraction, preparation and use” (World Coal Institute, 
2002: 24). These technologies reduce emissions and waste and increase the amount of energy 
gained from each ton of coal. CCT represents a “continuously developing range of options to 
suit different coal types, different environmental problems, and different levels of economic 
development” (World Coal Institute, 2004: 5). 
Within the long chain, reaching from coal production to final usage, several polluting by-
products are created. They accrue during processes of coal extraction and preparation, 
transportation and storage, coal combustion as well as handling and disposal of coal residues. 
Corresponding to this wide range of polluting procedures, CCT in a Chinese context are 
broadly defined. The definition covers coal preparation (e.g. washing and briquetting), 
combustion (e.g. fluidized beds and gasification) and emission reduction (e.g. FGD and 
denitrification). This report is focused on the diffusion of clean coal combustion technologies 
in China. Generally, atmospheric emissions caused by coal combustion can be reduced in two 
ways: (1) By introducing new technologies that will decrease the amount of emissions from 
burning a given amount of coal and (2) by increasing the efficiency with which electricity and 
other forms of useful energy are produced from coal. However, the other stages of the chain 
should not be neglected. They are an inseparable part of the lifecycle of coal usage.  
Besides physical technologies, clean coal technologies include non-hardware measures, which 
help to improve the overall efficiency of coal usage. These include better maintenance and 
management of facilities, the usage of more sophisticated control and monitoring systems, 
comprehensive capacity building etc. In many developing countries, there is a high demand 
for ‘soft’ technology improvements – e.g. in terms of knowledge and skills to apply and 
diffuse ‘hard’ technologies, which could be conducive to digest and update advanced 
technologies. 
As a general rule, coal-use technologies are regarded as ‘clean’ if they offer an improvement 
over those currently in use. Hence, it is more accurate to use the word ‘cleaner coal’ than the 
commonly used term ‘clean coal’. On the other hand, technologies, which are clean in one 
country, may not be regarded as clean in other countries. One example is the use of 
preparation processes to improve the quality of coal before it is burned, something that is not 
often carried out in China. The measurement and evaluation of environmental impacts caused 
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by coal combustion should apply coherent terms. Since most reports still use the word ‘clean 
coal’, we will also stick to this term.  
 
4.2 Categories of Clean Coal Technologies 
As described in the previous section, clean coal technologies refer to various technologies that 
aim to improve energy efficiency and reduce environmental impacts, including technologies 
of coal extraction, preparation, utilization and emission reduction. Clean coal technologies 
can be categorized differently from different perspectives. Usually, they are divided into the 
following three categories: preparation, combustion and pollution control. Since this project is 
mainly focused on the combustion stage, the following sub-chapters give an introduction to 
the most important clean coal combustion technologies; afterwards, we briefly discuss the 
other two categories in one common chapter.  
 
4.2.1 Clean Coal Combustion Technologies  
Most CCT concentrate on power generation through combustion. An impressive array of 
technologies is already commercially viable and a large number of others will become 
available in the near future. Those are the most important coal combustion technologies: 
• Pulverized Coal Combustion (PCC) 
Pulverized coal combustion is the most common method applied in conventional steam 
boilers. Coal is milled to a powder and blown into the boiler with air; thus, the coal has a 
large surface area and is easily combusted in burners. This provides heat, which is used to 
produce superheated steam to drive turbines and generate electricity. PCC can be used to fire 
a wide variety of coals, although it is not always appropriate for those with high ash content. 
It has an overall efficiency in energy use of about 35% (lower heating value) and for many 
years, efficiency has been steadily rising up to more than 40% (World Coal Institute, 2002: 
25). At present, nearly all the world’s coal-fired electricity is produced by PCC systems. 
• Fluidized Bed Combustion (FBC) 
In fluidized bed combustion, coal is burned in a reactor comprising a bed through which air is 
fed to keep the coal in a turbulent state. At sufficiently high air velocity, the bed acts as a 
fluid, resulting in rapid mixing of the particles. This fluidizing action allows complete coal 
combustion at lower temperatures than in conventional (pulverized) coal-burning systems. 
The advantages of fluidized beds are that they produce less NOx in the outlet gas, because of 
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lower combustion temperatures and less SO2 when limestone is continuously added to the 
coal. FBC technologies may also use a wider range of fuels than PCC combustion systems. 
By elevating pressures within a bed, a high-pressure gas stream can be used to drive a gas 
turbine, which generates electricity. Fluidized bed combustion technologies include 
atmospheric fluidized bed combustion (AFBC) and pressurized fluidized bed combustion 
(PFBC) in both bubbling (lower velocities) and circulating beds (higher velocities). In its 
various forms, fluidized bed combustion can reduce SO2 and NOx by 90% or more (op. cit: 
26). 
Although not generally more efficient than PCC technology, AFBC has the capacity to burn 
low grade and different fuels and meet emission limits at reasonable efficiency. It also has the 
advantage of reducing other pollutant’s emissions. Atmospheric circulating fluidized bed 
combustion (ACFBC) is the version of the technology that has been most widely applied and 
for which there is the most extensive operating history. ACFBC uses the same 
thermodynamic cycle as PCC and, therefore, its power generation efficiency is in the same 
range.  
Pressurized fluidized bed combustion (PFBC) is based on the combustion of coal under 
pressure in a deep bubbling fluidized bed at 850°C. Depending on the variant velocities of the 
air through the fluidized bed, there are two different kinds of PFBC, bubbling bed with lower 
velocities and circulating bed with higher velocities. PFBC technology has an overall thermal 
efficiency in the range of 40% - 42%, based on the higher heating value of the used coal (op. 
cit: 26). 
• Supercritical & Ultra-Supercritical Technology 
‘Supercritical’ is a thermodynamic expression, describing the state of a substance where there 
is no clear distinction between the liquid and the gaseous phase. The cycle medium is a 
single-phase fluid with homogeneous properties and there is no need to separate steam from 
water. Once-through boilers are therefore used in supercritical cycles. Supercritical power 
plants, which use specially developed high strength alloy steels, offer higher efficiencies than 
conventional sub-critical PCC plants and, hence, discharge lower emissions (including CO2 
emissions) for a given power output. Ultra-supercritical plants, which operate at even higher 
temperatures and pressures, have the potential to offer efficiencies of over 50% in the future 
(World Coal Institute, 2004: 19).  
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• Integrated Gasification Combined Cycle (IGCC)  
In IGCC systems, coal is not combusted directly but reacted with oxygen and steam in order 
to produce a kind of flue gas (called ‘syngas’), which mainly consists of hydrogen and carbon 
monoxide. The syngas is cleaned of impurities and then burned in a gas turbine to generate 
electricity and produce steam for a steam power cycle.  
IGCC technology is a high-efficiency, fuel-flexible technology, environmentally superior to 
conventional coal firing. Existing commercial systems achieve efficiencies close to 45%. 
With recent advances in gas turbine technologies, these systems are capable of reaching above 
50% (World Coal Institute, 2002: 26). The further development and support of IGCC offers 
the prospect of net efficiencies of 56% in the future and, therefore, its widening deployment 
will have an increasingly favorable impact on the environmental performance of coal (World 
Coal Institute, 2004: 9).  
The appeal of IGCC technology extends beyond the potential for increased efficiencies and 
further reductions in pollutants. IGCC technology may also be the chosen pathway for a 
future ultra low emission system, using carbon capture and storage, and as part of a future 
hydrogen economy. In IGCC, the syngas can be separated so that the hydrogen is available as 
a clean fuel product for usage in power generation via gas turbines and fuel cells. The CO2 is 
then available in a concentrated form for capture and storage. 
• Pressurized Pulverized Coal Combustion  
Pressurized pulverized combustion of coal (PPCC), also called hybrid combined cycle 
system, is a technology currently under development, mainly in Germany. It is based on the 
combustion of a finely ground cloud of coal particles. The heat released from combustion 
generates high pressure, high temperature steam, which is used in steam turbine-generators to 
produce electricity. The pressurized flue gases exit the boiler and are expanded through a gas 
turbine to generate further electricity and to drive the gas turbine’s compressor; hence, this is 
a form of combined cycle power generation. 
• Hybrid and Advanced Systems 
Hybrid combined cycles are also under development. They combine the best features of both 
gasification and combustion technologies, using coal in a two-stage process. The first stage 
gasifies the majority of the coal and runs a gas turbine, the second stage combusts the residual 
‘char’ to produce steam. Efficiencies greater than 50% are possible (World Coal Institute, 
2002: 26). 
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In addition to the discussed combustion technologies, coal combustion technologies for 
electricity generation can be co-fired with biomass or wastes. Benefits include reductions of 
CO2, SO2 and NOx emissions in comparison to coal-only fired plants and high efficiencies. 
Hence, the co-fired power industry may use fossil and renewable energy sources at the same 
time. 
 
4.2.2 Other Clean Coal Technologies 
• Coal Extraction and Preparation 
CCT for the extraction of coal are readily available. Improved exploration methods, such as 
geophysical and seismic techniques, minimize environmental impacts while improving mine 
planning by reducing geological uncertainties.  
Improved mining technologies aim at maximizing extraction efficiencies and minimizing 
energy usage. Measures to reduce noise and dust levels do furthermore minimize risks to the 
operators. Mining can release methane gas from coal, which may be a potential hazard. 
However, if a drainage and storage system could be established in some methane-rich areas, 
the methane gas can be exploited as an energy source.  
Coal preparation by washing and beneficiation is the precondition for rational use of coal and 
the most direct and cost-effective approach to provide high quality coal and reduce polluting 
emissions. Coal cleaning can reduce the ash content of coal by 50% and clean impurities such 
as dirt and sulfur. New technologies are being developed to improve the efficiency and costs 
of these operations. 
• Emission Mitigation Technologies 
There are some other emission mitigation technologies - some have been put into use, some 
are still in research or demonstration. Most of these technologies belong to post-combustion 
technologies, with reducing CO2 and other emissions as a key objective. These technologies 
include: carbon capture and storage, activated carbon injection, electrostatic precipitators, 
fabric filters, flue gas desulfurization (FGD), hot gas filtration systems, wet particle scrubbers 
etc. 
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4.2.3 Categories of Clean Coal Technologies in China 
Coal is China’s dominant fuel. The country is in urgent need for CCT to develop its economy 
in an environmental benign way. After some years of study and exploration, China has 
developed its own categories of CCT, which include the following technologies: 
• Coal preparation technology; 
• Coal water mixture technology; 
• Coal briquetting technology; 
• Coal gasification technology; 
• Coal liquefaction technology; 
• Fuel cell technology; 
• Pressurized fluidized bed combustion (PFBC); 
• Atmospheric circulating fluidized bed combustion (ACFBC); 
• Integrated gasification combined cycles (IGCC); 
• Coal bed methane (CBM) exploitation and utilization; 
• Flue gas desulfurization (FGD); 
• Utilization of fly ash and coal refuse; 
• Pollution control measures for industrial boilers and kilns. 
Within each of these technologies, the requirements of China’s diverse regions, markets, and 
coal characteristics have to be taken into account. Chinese activities in the given areas are 
summarized in Table 4-1.  
Table 4-1 Chinese Clean Coal Technologies (CCT) 
Area Status of the technologies 
Coal-processing • Coal preparation (popularization and application) 
• Briquettes (popularization, domestic use, demonstration and 
application for industrial use) 
• Coal blending (popularization and application) 
• CWM- coal-water mixtures (popularization and application) 
High-efficiency coal 
combustion and 
advanced power 
generation 
• CFBC (reheat and large-scale popularization) 
• PFBC (demonstration) 
• IGCC (research and development) 
• Supercritical and ultra-supercritical (retrofit of medium and small-
scaled industrial boilers)  
Coal conversion • Coal gasification (large-scale, mild, underground, etc.) 
• Coal liquefaction (engineering demonstration) 
Comprehensive, 
efficient and clean 
utilization of coal 
• Gas turbine (development) 
• Co-production of electricity, gaseous and liquid fuels, heat, etc. in one 
system (R&D) 
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• Flue-gas clean-up: removal of SO2, NOx (development and 
localization)  
• Flue-gas clean-up: control of smoke and particulates 
• Utilization of fly-ash from power plants (popularization and 
application) 
Pollution control and 
waste treatment 
• Coal bed methane (development, utilization and demonstration) 
• Eco-environmental technology in mining areas; comprehensive use of 
mine water and coal refuse 
Source: Fangneng, 2003: 21 
 
4.3 Deployment of Clean Coal Combustion Technologies in the World  
A range of CCCT has been developed and utilized to make further reductions in the emissions 
of pollutants and to improve thermal efficiency in coal power plants. In the following 
paragraphs, we describe the current state of global CCCT diffusion.  
 Fluidized Bed Combustion (FBC) 
Because of the their fuel flexibility, fluidized bed combustion systems are popular; almost any 
combustible material can be burnt. In the USA, FBC systems are increasingly utilized to burn 
abandoned piles of coal waste, turning what could otherwise be an environmental problem 
into a useful source of power. 
Circulating fluidized bed combustion (CFBC) is of particular value for low grade, high ash 
coals that are difficult to pulverize and which may have variable combustion characteristics, 
while still ensuring low emissions of NOx and SOx. The Guyama CFBC units, operated in 
Puerto Rico, are amongst the cleanest coal-fired units operating in the world today (World 
Coal Institute, 2004: 8). 
The first supercritical CFBC plant is being established at Polish utility PKE's Lagisza site in 
South Poland. The plant is the largest CFBC to date, with a capacity of 460 MW. The 
commercial operation has been scheduled for 2006 and efficiency levels are projected to be 
around 43%, some 7% higher than the current OECD average (IEA CCC, 2003: 17). The 
world’s largest pressurized fluidized bed combustion (PFBC) plant is the 369 MW Karita 
Power Station New Unit 1, located in Japan, and owned by Kyushu Electric Power. The 
PFBC combined cycle unit started commercial operation in July 2001 and replaced a heavy 
oil-fired unit, decommissioned in 1988. The facility uses in-furnace desulfurization to reduce 
emissions of SOx, low temperature combustion and denitrification equipment to lower 
emissions of NOx and two-stage cyclones and an electrostatic precipitator to reduce dust 
emissions. The plant achieves net efficiency levels of around 41% (World Coal Institute, 
2004: 8).  
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• Supercritical and Ultra-supercritical Technology  
Supercritical pulverized coal combustion is currently the most widely adopted system for 
coal-fired power generation. More than 400 supercritical plants are in operation worldwide. 
Supercritical and ultra-supercritical units take advantage of higher temperatures and pressures 
to achieve higher efficiencies. The use of supercritical conditions has become the norm for 
new installations in industrialized countries. The thermal efficiencies of Avedøre ultra-
supercritical power plant in Denmark, commissioned in 2001, reach nearly 50%.  
However, practical operations showed that only at large unit sizes, supercritical and ultra-
supercritical plants are economic, with capital costs only slightly higher than those of 
conventional plants and significantly lower unit fuel costs.  
• Integrated Gasification Combined Cycle 
There are around 160 IGCC plants worldwide. Especially the USA paid great attention to this 
technology. Around 16.500 GW of IGCC are expected to be operating in the USA by 2020 
(National Mining Association, 2003: 12).  
In Japan, a 250 MW IGCC demonstration project was launched in 2001 by the Ministry of 
Economy, Trade and Industry (METI). Jointly launched with 11 corporations, the Clean Coal 
Power R&D Co. Ltd. was established to conduct the IGCC demonstration project, consisting 
of three 3-year phases of design, construction and operation, with project completion in 2009. 
The target net efficiency of the demonstration plant is 42%. The estimated power output of a 
commercial plant is 500-600 MWe, with net efficiencies of over 48% (IEA CCC, 2003: 5).  
At present, IGCC applications for power generation are considered to be less reliable than 
other CCCT options, such as supercritical PFC and CFBC, and its high costs influence its 
market entry and commercial deployment. Further development and efforts in this area will be 
necessary if the technology is to become the chosen pathway. 
  
4.4 Current Status of Clean Coal Combustion Technologies in China 
4.4.1 Overview of Combustion Technologies in the Power Industry 
Driven by the fast economic growth and enhancing living standard, China is facing serious 
electricity shortage. The shortage has lasted since the end of 2003 and influenced more than 
20 provinces and municipalities. The central government revised the power development plan 
in order to expand the country’s power generating capacity. Figure 4-1 shows the increasing 
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trend of power generation and capacity in the past 15 years. In 2004, the total capacity in 
China reached 440.7 GW (O’ Meara, 2005) 
In the world, the vast majority of coal-fired power plants under construction are in China. For 
the year 2001- 2003, the proportions of global orders placed in China have been 77.7%, 
85.8% and 90% respectively; the number of orders grew from 114 to 231. The majority of the 
boilers was produced by major Chinese suppliers, Shanghai Boiler Co., Dongfang Boiler Co. 
and Harbin Boiler Co. Major Western boiler companies involved were Babcock and Wilcox 
(Fernando, 2004: 2). In order to meet the increasing electricity demand, in 2004, several new 
power plants were planned, 144 major power projects across the nation would be put into 
operation (Stanway, 2004: 119-122.).  
Figure 4-1 Electricity Generation and Installed Capacity in China (1990- 2004) 
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Source: DOE/EIA, China Statistical Yearbook, Various years 
The demand for coal is astonishingly large, not only because of the huge size of China’s 
thermal generating capacity, but also due to the low thermal efficiency. This has many 
reasons; relatively small unit size and over-service time are two of them.  
Although the government policy emphasizes the increase of larger, more efficient units of 300 
MW and 600 MW, over one half of the existing capacity is still in units below 200 MW. Only 
30% of installed capacity is in units larger than 300 MW, while in OECD countries, 300-700 
MW is generally seen as the optimum unit size range for high efficiency. Also of serious 
concern is that many of the new plants being built by the local governments are in unit sizes 
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of 100 MW or less. The main reason is that these small units are easier to finance. At the 
same time, these units consume 60% more coal per unit of electricity produced compared to 
units of 300 to 600 MW (IEA, 1998: 22).  
Aging plants, poor management and maintenance are also influencing the efficiency of power 
plants. In China, around 40% of thermal coal-fired plants were over 20 years old by 2000 (op. 
cit: 20). There are several factors, which delayed the closure process of these small and 
inefficient power plants, like employment pressure, transmission and distribution capacity, 
increasing demand etc. 
Industrial technology diffusion has continuously striven to improve the efficiencies of 
conventional power plants. In China, the trend can be seen from the process of China’s 
replacement with sub-critical PC plants in 1990s. After 40 new coal-fired power plants were 
financed through aid and export credits, with the majority using western boilers and/or turbine 
designs, the national net coal consumption rate of power plants decreased from 430g/ KWh in 
1990 to 410g/KWh in 1996. In 2002, the figure reached to 383 g/KWh. However, the overall 
efficiency is still not satisfactory. Presently, China’s average thermal efficiency is about 28-
32%, which is still lower than the average efficiency of 36-38% in OECD countries (World 
Coal Institute, 2002: 25). 
Clean coal technologies concentrate on new combustion and clean-up technologies. They 
involve processes of pre-combustion, combustion and post-combustion. In order to have a 
more clear description of the present deployment of the assorted technologies, we herewith 
broadly group CCT into three categories:  
• Widely applied CCT; 
• CCT ready for large-scale diffusion; 
• CCT still on a demonstration level. 
 
4.4.2 Technologies which Have Been Widely Applied  
• Coal Washing 
Basic coal washing technologies are well established in China. In 1997, there were over 1500 
coal preparation plants in operation with enough capacity to wash a third of China’s coal 
output. The main function of the washing plants is to reduce the amount of ash in the raw coal 
to facilitate combustion and increase the energy content per ton. Due to efforts to enforce the 
environmental protection policy, the proportion of washed coal was increased to 33.78% in 
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2003 (CCICED, 2004: 142) and the production of different grades of coal enhanced. The coal 
being washed has expended from the coking coal to power coal, from the past simply stressed 
reduction of ashes to both reduction of ashes and desulphurization as well as the recovery of 
pyrite in the washed gangue. 
However, coal-washing technology in China still has leeway for further improvement. More 
modern washing processes are needed to decrease the amount of water required and to 
increase the effectiveness of ash and sulfur removal. These improvements will strongly 
depend on the further development of existing equipment designs by Chinese research 
institutes and enterprises. 
• Coal Briquetting 
Coal briquetting technology has a long history and is the mature technology for both domestic 
and industrial markets in China. Briquetting processes crush raw coal into a fine powder and 
shape the powder into small pellets, which are held together by a variety of ‘binders’. Like 
coal washing, the purpose of briquetting is to prepare coal so that it can be burnt more 
efficiently. Briquettes have advantages both in economics of transportation and utilization and 
applicability for environmental protection. Briquetting processes make coal cleaner because it 
adds desulfurizing adsorbent and removes the ash content of the finished products. Its thermal 
efficiency could be raised to about 40%, which is twice that of solid coal combustion. 
(Shouyi, 1996: 42) The production capacity of household briquettes in China is 50 million 
tons per year, enough to supply 35% of consumption. In larger towns and cities, briquettes 
account for 60% of coal used for domestic purposes. By contrast, Chinese industrial use of 
briquettes is limited. The main consumers are gasification plants (22 million tons per year) 
and combustion boilers (2 million tons per year) (op cit.: 42). 
• Fluidized Bed Combustion Boilers 
Since the 1960s, Chinese engineers have developed their own designs of small fluidized bed 
boilers which were entirely independent from early efforts in other countries such as the UK, 
USA and Germany. FBC boilers developed in China have the advantage of suiting various 
types of coal. Moreover, the capital needed is less than investments required for boilers of the 
same size produced in other countries.  
Over the years, China has accumulated substantial experiences in designing and operating 
these boilers and as many as 3000 of these boilers were installed in China (Watson, 1995: 17). 
Tsinghua University has developed a series of products, with capacity below 75 tons of steam 
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per hour, raising boiler efficiencies from less than 60% up to 80-85%. Medium- and small-
scale CFB units in China do not only supply electricity and heat for a wide range of cities and 
urban areas, but also alleviate environmental pollution. The 670-1,000 t/h large capacity type 
of CFB boilers can partly substitute pulverized-coal boilers in order to solve the problem of 
utilization of low-grade coals. Furthermore, they provide an effective means of controlling 
polluting emissions in China (Shouyi, 1996: 42). 
• Coal Water Mixture (CWM) 
China’s research and development activities on Coal Water Mixture technology began in the 
1980s. It has now entered the stage of commercial demonstration. Cleaned coal from the 
flotation process of coal preparation plants is used as raw material. The preparation 
technology for CWM with high concentration, originated by China, has reached the world 
advanced level. However, due to little attention being paid to the market conditions, the 
demand for CMW has not materialized despite various edicts of the central government 
(Minchener, 2004: 2). The future development will be focused on the study of high-efficiency 
but inexpensive additives, advanced CWM gasification technology, development of large-
scale oil-substituted CWM combustion processes and equipment and construction of projects 
for converting oil-fired power plant boilers into CWM-fired boilers. 
 
4.4.3 Technologies Ready for Large-Scale Diffusion 
• Refurbishment and Rehabilitation of Existing Power Plants 
Due to the large number of small power plants in use, China’s average thermal efficiency in 
power plants is lower than that in industrialized countries. Transfer of skills and techniques 
for incremental improvement in these small plants can lead to a significant reduction in 
emissions from coal-fired facilities. Technical measures include optimizing the turbine; 
replenishing advanced control systems; improving firing techniques; modifying the condenser 
and cooler; implementation of better maintenance regimes etc.  
When selecting the refurbishing or rehabilitating technologies, one of the principles is to 
choose the suitable technologies, taking the comprehensive factors into consideration. One of 
the effective ways in which existing Chinese facilities can be improved involves the 
replacement of old coal-fired boilers with technically mature and economic-efficient fluidized 
bed boilers, which are already well proven. For older vintages of plants, the scope for such 
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improvements is limited. So, the preferred course of action may be to replace them 
completely with modern facilities.  
• Circulating Fluidized Bed Combustion 
Fluidized bed combustion has the capacity to burn low grade and difficult fuels and meet 
emission limits at reasonable efficiency. It also has the advantage to reduce emissions of other 
pollutants. In order to apply fluidized bed combustion technology on a large scale, further 
development of CFB technology with great economic and social benefits is needed, being 
focused on wider utilization of low-grade coal.  
A number of ‘industrial-scale’ fluidized beds have been constructed or planned in China as a 
result of licensing agreements between Chinese and international suppliers. 6 CFBC 
demonstration plants, supported by the Japanese Green Aid Plan, have been built. The types 
of coal in use include high-ash (at Liaoyuan), anthracite (at Jinzhou) and coal mine sludge (at 
Zaozhuang). The lowest energy value coal is less than 8 MJ/kg at Zhejiang, where the coal 
has approximately 70% ash. The highest energy value is 25 MJ/kg at Fangshan, where ash 
levels are approximately 5%. At Zibo, Shangdong province, a mixture of coal plus mining 
waste is used (IEA, 1998: 16).  
The other CFBC projects include one in Dalian, assisted by UNIDO, with boilers coming 
from Foster Wheeler. In Neijiang power plant, the largest coal-fired CFBC boiler in China has 
been installed by Ahlstrom, a division of Foster Wheeler, with China’s Dongfang Boiler 
Works being responsible for the manufacture of some components. It provides a total output 
of 285 MW, including up to 100 MW of electricity, and was commissioned in 1996. The 300 
MW CFBC unit in Sichuan Baima Power Plant was approved by the State Development 
Planning Commission in March 1999 after some years delay (Editon, 2001)  
The clean coal diffusion working group report listed some examples for CFBC projects, 
which have been carried out in cooperation with international suppliers (Watson et al, 2000: 
9). Those include:  
• A series of the Deutsche Babcock (German) design ‘Circofluid’ fluidized bed boilers have 
been constructed by Beijing Boiler Works. At least 14 units went into service between 
1993 and 1996 (approximate sizes vary from 20-40 MWe). 
• A 50 MW fluidized bed plant has recently been constructed for the Sichuan Aixi Power 
Generating Company by Shanghai Boiler Works (a subsidiary of Shanghai Electric Corp.). 
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The plant was built under a license agreement with Foster Wheeler of the USA and due to 
commission in 1998. 
According to widely accepted technical argumentation and analysis, CFBC technology is 
relatively low in cost, simple in technical configuration and easy to be domesticated. It is 
commonly considered as one of the clean coal combustion technologies suitable to China's 
current situation.  
• Coal Gasification 
Experimental work on coal gasification started fairly early in China. Through a combination 
of indigenous research and international cooperation, China has worked on pressurized and 
atmospheric coal gasification and fixed-bed, fluidized-bed and pneumatic-bed gasification 
with different kinds of coal supply. The gas obtained is mainly used in industrial and 
household applications. It is used to produce synthetic gas and fuel gas. 
At present, there are over 8000 gasifiers in China, 4000 of which gasify coal using 
atmospheric fixed-bed technology (Watson et al, 2000: 9). There are already cleaner, more 
advanced gasifier designs that were introduced to China at some industrial sites. These 
include Texaco gasification technology for large-scale chemical feedstock gas production; 
fixed bed gas gasifiers for industrial gas production; Lurgi pressured gasification technology 
for civil gas production. The imported Lurgi gasification technology was successfully used in 
the Yilan project in Harbin province with a capacity of 1.6 million m3 per day and the 
Lanzhou gasification project with a capacity of 0.6 million m3 per day (op cit.: 10).  
• Supercritical Pulverized Power Plants 
The designs of supercritical power plants are now regarded as commercially proven. The use 
of higher steam temperatures and pressures to increase the thermal efficiency of coal-fired 
power plants is an established practice in China.  
Shidonkou No.2 was the first super-critical power plant in China. The units were ordered in 
the late 1980s and put into operation in the early 1990s, utilizing ABB boilers & turbines. The 
units have been highly reliable in operation and have achieved a boiler efficiency of over 93% 
with a yearly net standard coal consumption of 312 g/KWh. There are currently 9 
supercritical plants in operation in China, with 16 under construction and a further 8 planned, 
altogether totaling over 21 GW of coal-fired capacity (World Coal Institute, 2004: 9). In 
2003, two supercritical units of 800 MW were commissioned (Fangneng, 2003: 22). Units 
with large capacity in operation include the plants of Nanjing (2*300MW), Panshan 
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(2*500MW), Yingkou (2*300MW), Yimin (2*500MW), Suizhong (2*800MW), Waigaoqiao 
(2*1000MW), Fuyang (2*600MW) and Wangqu (2*600MW) (IEA, 1998: 16). 
China is also considering to import more advanced ultra-supercritical technology from 
Denmark. Luaneng Group, from Shangdong Province, is now in negotiations with the Danish-
Italian boiler company BWE. Detailed information is yet not disclosed. 
• End-of-Pipe Technologies 
End-of-pipe technologies include electrostatic precipitators to remove dust from flue gases, 
flue gas desulfurization (FGD) units and low-NOx burners. There is a big potential for 
international suppliers to transfer these technologies to Chinese firms or to collaborate in the 
development of cheaper, simplified designs, which are more likely to be deployed in China. 
The use of emission control devices, such as FGD, is new and fitted to a small number of 
Chinese power plants and industrial facilities. Utilization of FGD will be of significant benefit 
in addressing local and regional environmental problems. The majority of these units use 
imported technology. At the end of 1998, there were 10 units in operation, and a further 10 in 
various stages of planning or construction (World Bank, 2000b: 3). Six of the operational 
units use Japanese equipment financed by the Japanese Government. Three of the more recent 
plants have been constructed with the help of German overseas aid. 
Many of the large coal-fired power plants that are being built in China by foreign developers 
have already installed electrostatic precipitators and low-NOx burners fitted as standard 
(Watson et al, 2000: 10). The government has set strict regulations for the large deployment 
of the technology. However, some of those that have been built and financed within China do 
not incorporate these features. Instead, they are fitted with less efficient particulate removal 
systems based on domestic scrubbers. A recent report mentioned that in the coming ten years, 
FGD and de-NOx equipment are going to be installed within 40 GW of China’s electricity 
generation capacity. 
• Coal Liquefaction 
Coal can be transformed into refined oil after a series of processes of high pressure and 
temperature. It provides an efficient way to reduce China's reliance on crude oil imports. 
There are two approaches for liquefaction: direct liquefaction and indirect liquefaction. The 
large-scale direct liquefaction project is now under construction by Shenhua Group Corp. 
Limited. The project consists of two phases of construction: the first phase is expected to start 
operation in 2007, with an initial annual oil output topping 1 million tons. The second phase 
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aims at yielding 5 million tons of oil products annually. In December 2004, Shenhua Group 
signed a contract valued at US$ 6.6 million with Honeywell International in order to 
introduce optimized Honeywell equipment to the coal liquefaction project. It is estimated that 
by 2013, 10 per cent of oil imports will be replaced by coal-liquefied oil (People’s Daily 
Online, 2005).  
 
4.4.4 Technologies at a Development or Demonstration Stage  
There are some other CCT, which just begin to be demonstrated in China. Even in North 
America, Europe or Japan, these technologies are not commercially viable, although the 
demonstration projects showed that they could provide higher efficiency. Therefore, it is not 
realistic to expect that these options will have a large Chinese market in the short and medium 
term. Despite lack of successful cases, some trials have been started in China. 
• Pressurized Fluidized Beds Combustion (PFBC) 
Existing PFBC plants in the USA, Europe and Japan all have efficiencies of 39% or less 
(Watson et al, 2000: 11). Besides, they have turned out to be less reliable and more expensive 
than the equivalent conventional coal-fired plants. In China, one 15 MW pilot plant has been 
built on the site of Jiawang power plant and it is targeted to introduce 100 MW PFBC 
(Fangneng, 2003: 22).  
• Integrated Gasification Combined Cycles (IGCC) 
IGCC technology offers greater environmental benefits than most of the other advanced clean 
coal options. In China, there are a large number of gasifiers that are used to manufacture 
fertilizer for agriculture. In order to have a trial of this technology, in Yantai, Shandong 
province, an IGCC plant with 300-400 MW is planned and the feasibility study has been 
approved (Fangneng, 2003: 22). However, it is still difficult to describe the future of IGCC 
technology in China within the next few years. 
An even more distant commercial prospect for both China and other countries are so-called 
‘hybrid’ technologies that combine elements of IGCC and PFBC. Projected efficiencies of at 
least 46-47% have been mentioned. However, a full-scale demonstration plant has yet to be 
built. It is likely that such a demonstration plant will be constructed within the next few years 
in the USA or Europe, but the transfer of this technology to China will not be possible for a 
considerable period of time (Watson et al, 2000: 11). 
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5. An Analytical Framework for CCCT Diffusion in China  
5.1 Embedding CCCT into the Concepts of Innovation and Diffusion  
Clean coal combustion technologies are an object of ongoing technological change. This 
phenomenon is due to the dynamic nature of technologies and can be understood as a gradual, 
cumulative learning process. Various actors, like companies or governments, are permanently 
trying to optimize existing technologies. For instance, in order to increase the efficiency of 
coal combustion technologies and to decrease the discharge of polluting substances, 
subcritical pulverized coal combustion designs have been substituted by supercritical PCC, 
which are currently replaced by ultra-supercritical devices. This development demonstrates 
that the process of technological change is dynamic and never reaches equilibrium. 
Researchers commonly distinguish between different stages of technological change:     
• Invention: Creative process of bringing forth a new idea, device, product or process. 
• Innovation: The practical application of inventions. 
• Niche market Commercialization: Adoption of innovation to a limited market. 
• Diffusion: Widespread market production of a product. 
With respect to the problem formulation, this project report is focused on the stages of 
innovation and diffusion.  
 
5.1.1 Concepts of Innovation 
During the innovation phase, involved actors seek to bring an invention into use and integrate 
it into a complex system of organizational, institutional, social and technical factors (Hughes, 
1987: 64). Edquist describes innovations as “new creations of economic significance” 
(Edquist, 1997: 1). Schumpeter points out that the term innovation covers “the case of a new 
commodity as well as those of a new form of organization” (op. cit.: 9). Therefore, 
innovations are multifaceted. They may be not only of a technical but also of an 
organizational, institutional or social nature. 
Due to the broadness of the term innovation, students of innovations tend to use more specific 
definitions with respect to their research area. Since the given report investigates the diffusion 
of a specific group of technologies (CCCT), it applies Carlsson’s concept of technological 
innovations. Carlsson’s approach aims at including both ‘software’ (e.g. organizational, 
managerial and social aspects) and ‘hardware’ aspects (e.g. technical artifacts). It is based on 
the insight that technological innovations are not only constituted by physical components, 
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such as a new boiler design, but also by institutional, organizational and social factors a new 
technology is embedded in (Carlsson/Stankiewicz, 1991: 111).  
In order to reduce the concept’s complexity, we define different types of innovations. It is 
distinguished between incremental and radical innovations on the one hand and process and 
product innovations on the other hand. The distinction between incremental and radical 
innovations pays attention to the novelty of a technological design, whereas the differentiation 
between process and product innovations is concentrated on a technology’s effects on 
industrial processes. Incremental innovations are improvements or expansions of existing 
technologies. They include both minor changes and strong modifications of existing designs. 
For instance, ultra-supercritical PCC can be identified as an incremental innovation. It keeps 
on using the same basic technical principle as sub- and supercritical PCC but applies more 
advanced steam conditions. In contrast to that, IGCC may be described as a radical innovation 
since it includes a completely new combustion process, which is not part of an existing 
technology (Coombs et al, 1987: 94).  
Process innovations concern the production of goods and may “range from changes in the use 
of a given machine to a reorganization of an entire production line or the introduction of an 
entirely new process” (Strahl, 1991: 31). Product innovations can be “anything from entirely 
new items which are offered for sale to changes in an existing product” (op. cit.). Only 
product innovations may lead to the emergence of an entire new industry, whereas process 
innovations result in an increased efficiency of existing industries. Since clean coal 
combustion technologies – both incremental innovations such as ultra-supercritical PCC and 
radical innovations like IGCC – cause changes in the production process of electricity and 
lead to an increased efficiency of the power generation industry, they are process innovations.  
During the last years, innovations gained prominence in the research field of environmental 
studies. Environmental innovations assess technologies with regard to their environmental 
impacts. They are described as “a subset of innovations that lead to an improvement of 
ecological quality. (…) it encompasses any innovation which serves to improve the 
environment, regardless of any additional – economic – advantages” (Huber, 2004: 37). Even 
though CCCT are controversially discussed among environmentalists, they can be seen as 
environmental innovations since their main rationale is to enhance both the efficiency and 
environmental acceptability of coal use (World Coal Institute, 2004: 5). 
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As a conclusion of this chapter, we state that technical artifacts and a broad set of 
organizational, institutional and social factors influence technological innovations, such as 
high-efficient CCCT. The area of coal combustion technologies clearly reflects a dynamic 
process of technological change and each CCCT implies individual innovative characteristics. 
Whereas clean coal combustion technologies may be seen as process and environmental 
innovations, some CCCT are incremental and others are radical innovations. In the following 
chapters, we will describe how the features of technological innovations affect the diffusion 
of innovations and in which way the complex set of deployment determinants may be 
conceptualized.  
 
5.1.2 The Concept of Diffusion 
It is the function of inventions and innovations to expand the opportunity set for various 
economic agents. The impact of a new technology on the economic system is determined by 
its diffusion. The OECD defines the term diffusion in a very broad sense, mainly inspired by 
the scale in which a technology is adopted: “Diffusion is the widespread adoption of 
technology by users other than the original innovator” (OECD, 1997: 7). 
A definition given by Everett Rogers, the author of an extensive study titled ‘Diffusion of 
Innovations’, is more directed to the process of diffusion itself. Rogers describes diffusion as 
“the process by which an innovation is communicated through certain channels over time 
among the members of a social system” (Rogers, 1995: 5). He understands diffusion as a 
special type of communication, in that the messages are concerned with new ideas.   
Taking Rogers’ definition, the phenomenon of diffusion is characterized by four parameters: 
the individual features of an innovation, communication channels, institutional and social 
factors and time. 
• Innovation Features: As explained above, innovations are distinguished with respect to 
their degree of novelty, their effects on industrial processes and their environmental 
performance. Rogers considers the following determinants as having a high influence on 
innovation diffusion (op. cit.: 15). They partly correlate with the distinctions made in the 
previous chapter: 
o Relative Advantage: The degree to which an innovation is perceived as better 
than the idea it supersedes, including economic aspects. CCCT, which are 
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highly efficient and fully commercial, will be diffused more quickly than 
expensive and unreliable technologies.  
o Compatibility: The degree to which an innovation is perceived as being 
consistent with existing values, past experiences and needs of potential 
adopters. For instance, incremental CCCT, which are carefully adapted to the 
existing technology mix and the capabilities of power producers in China, are 
more likely to be diffused than radical CCCT.  
o Triability: The degree to which an innovation may be experimented with on a 
limited basis. For example, the funding of CCCT demonstration projects in 
China, which prove that a specific CCCT is applicable to Chinese conditions, 
might ease technology diffusion. 
o Observability: The degree to which the results of an innovation are visible to 
others. If an innovative CCCT leads to a significant decrease in fuel costs or 
emissions, it is more likely to be adopted than technologies, which do not 
entail considerable improvements.     
• Communication Channels: Communication Channels are “the means by which 
messages get from one individual to another” (op. cit.: 18). The existence of networks is a 
very important precondition for technology diffusion since networks stimulate knowledge 
flows and collaboration among involved actors. The diffusion of CCCT depends on the 
behavior and capacity of the actors constituting a network and their attitude towards a new 
technology. There are five categories of adopters (Strahl, 1991: 24): 
o Innovators: Tolerate greater uncertainty and have more resources than most of 
the others below, e.g. big Western power companies, which transfer CCCT to 
the Chinese market.   
o Early adopters: Act as opinion leaders and convey their evaluation of the 
innovation to others, e.g. power utilities in developed Chinese provinces.   
o Late majority: Adoption may be an economic necessity at this point or forced 
at them by peer pressure. For instance, environmental regulations may obtain 
actors to adopt CCCT.   
o Laggard: Can be on the fringes of society and lack resources. Poor and 
underdeveloped Chinese provinces might be laggards in assuring high 
efficiency standards of coal combustion processes.  
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• Institutional and Social Factors: This category is based on the assumption that the 
diffusion of technological innovations depends on an intertwined framework of 
organizational, institutional and social conditions. By interacting with each other and the 
aspects given above, institutional and social factors constitute a so-called ‘innovation 
system’. The concept of innovation systems will be explained in the following chapter. 
• Time: Diffusion processes comprise of different stages, which include both periods of 
slow and fast diffusion. In most cases, the overall duration of technology diffusion is long 
but in transition economies, such as China, technology diffusion processes can be 
comparatively quick. The time dimension of an innovation’s diffusion is most clearly 
reflected in its rate of adoption. The rate of adoption is “the relative speed with which an 
innovation is adopted by members of a social system” (op. cit.: 22). 
The concept of diffusion confirms that the adoption of an innovation is not only affected by 
its specific features, but also by a broad variety of institutional and social factors and the 
availability of efficient communication channels. Innovation and diffusion processes are 
clearly no one-dimensional phenomenon, which can be purely understood in terms of 
independent decision-making at the level of the firm. This insight corresponds with the 
concept of innovation systems, which, hence, seems to be suitable to provide the theoretical 
foundation of our analysis.  
 
5.2 Clean Coal Combustion Technologies as a Part of a Technological System  
5.2.1 Selecting an Innovation System Approach  
The idea of innovation systems came up in the 1980s when Chris Freeman published his now 
famous study on technology policy and economic performance in Japan. Generally, a system 
can be explained as “a set of interrelated components working towards a common objective” 
(Carlsson/Jacobsson et al, 2002: 234). Freeman defined innovation systems as “the network of 
institutions in the public and private sectors whose activities and interactions initiate, import, 
modify and diffuse new technologies” (Foxon et al, 2003: 8). He promoted the approach of 
national innovation systems, assuming that the nation-state constitutes a natural boundary of 
innovation systems.  
Lundvall defined national innovation systems more precisely and stressed the interactions 
among their components: National systems of innovation are constituted by “the elements and 
relationships which interact in the production, diffusion and use of new, and economically 
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useful, knowledge (…) either located within or rooted inside the borders of a nation state” 
(op. cit.). 
The cited definitions give valuable information about systems of innovations in general. 
However, being produced and sold all over the world, clean coal combustion technologies are 
influenced by national and international determinants. Therefore, an analytical perspective, 
which is limited to national borders, is not suitable for this report. We select an approach, 
which turns away from the geographical definition of innovation systems and focuses on 
specific technological areas, called ‘technological systems’. Technological system approaches 
include both technical attributes and rather ‘soft’ determinants, e.g. institutions and 
organizations, which affect a technological area. Since this report deals with a particular 
group of technologies (CCCT), which are embedded into a complex system of technical 
artifacts and non-technical determinants (the power system of China), the technological 
system approach offers a suitable analytical framework for our problem formulation. In the 
following chapters, we explain the approach’s crucial assumptions and elements in more 
detail. 
 
5.2.2 The Technological System Approach   
Thomas Hughes has first used the concept of technological systems in his 1983 study of the 
electrification of the Western Society. In 1987, Hughes published an article titled ‘The 
Evolution of Large Technological Systems’, providing a more precise version of the 
technological system approach with particular respect to the ‘large’ power system. Hughes 
describes technological systems as follows: “Technological systems contain messy, complex, 
problem-solving components. They are both socially constructed and society shaping” 
(Hughes, 1987: 51). Although Hughes’ concept includes non-technical factors like 
organizations (private organizations such as firms and public ones such as ministries), 
legislative artifacts (e.g. regulations) and scientific components (e.g. R&D programs), he 
gives particularly high attention to physical artifacts, e.g. transmission lines and power 
generation technologies, and natural resources, e.g. coal mines. 
In the 1990s, the Swedish researcher Bo Carlsson and others tried to upgrade Hughes’ 
concept to a general framework for the systematic, comparative study of technology diffusion. 
Carlsson et al defined technological systems as “dynamic networks of agents interacting in a 
specific economic/industrial area under a particular institutional infrastructure or set of 
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infrastructures and involved in the generation, diffusion and utilization of technology. 
Technological systems are defined in terms of knowledge/competences flows rather than 
flows of ordinary goods and services” (Carlsson/Stankiewicz, 1995: 49). In contrast to 
Hughes’ concept, the Swedish technological system approach is more focused on ‘soft’ 
factors like the connectivity and behavior of involved actors. It assumes that technological 
systems are composed of public and private actors, networks, which offer communication 
channels for the involved actors, and institutions (e.g. regulations).  
Both technological system approaches are very useful for the analysis of our problem 
formulation. Hughes’ framework contains important power sector-specific factors, which are 
highly relevant for investigating the diffusion of CCCT for power plants. The rather ‘soft’ 
concept of Carlsson et al is helpful regarding the role of public policies in CCCT diffusion. 
We combine elements of both concepts in order to provide a proper analytical framework for 
this report. The composition of technological systems is considered as illustrated in figure 5-1 
and includes the following elements: 
Figure 5-1 The Analytical Framework 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• Actors and Networks: Actors like public organizations (e.g. ministries, public 
research centers) and private organizations (e.g. Chinese and foreign companies) are 
“the main vehicles for technological change in that they carry through innovations” 
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(Edquist/Johnson, 1997: 58). Carlsson et al assume that actors’ capability of bringing 
forth the diffusion of new technologies depends on their ‘economic competence’. The 
latter is defined as the ability to generate business opportunities, to perceive new 
opportunities, to learn from success and failure and to take the appropriate risks 
(Carlsson/Stankiewicz, 1991: 101). Particularly important are ‘prime movers’ who are 
technically, financially or politically so powerful that they may initiate or strongly 
contribute to technology diffusion by raising awareness, undertaking investments and 
providing legitimacy (Jacobsson/Johnsson, 2000: 630). The capacities and willingness 
of public and private actors to promote high efficient technologies is an important 
aspect of CCCT analysis.     
• Institutions: Carlsson et al define institutions as “the normative structures, which 
promote stable patterns of social interactions/transactions necessary for the 
performance of vital societal functions” (op. cit.: 108). Institutions have an immense 
influence on technological systems – both in a negative and positive way – because 
they affect the rules of regulating interactions between actors and the formation of 
markets. Since CCCT are more expensive than conventional designs, institutions may 
create incentives to their application. As understood in this report, institutions 
comprise both legislation and other policies (e.g. research and development 
programs). CCCT-related institutions represent a broad range of policy areas, e.g. 
energy policy, environmental policy and technology policy. It is an important 
determinant of CCCT diffusion that policies from different political realms provide a 
coherent overall framework. 
• Physical Artifacts: This category comprises a broad range of technical facilities and 
designs, which have impacts on the power system, e.g. coal production technologies 
and power generation devices. CCCT for power plants and their specific technical 
features are part of this category. However, CCCT are only one physical element 
within the Chinese power system. Being embedded into a complex framework of other 
power technologies, the diffusion of CCCT may be affected by indirect technological 
issues (e.g. predominant market position of outdated combustion technologies) and 
CCCT-specific features (e.g. fuel flexibility, net efficiency). 
• Natural Resources: Since they are “socially constructed and adapted in order to 
function in systems, natural resources, such as coal mines, also qualify as system 
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artifacts” (Hughes, 1987: 51). Hughes words can be interpreted in the sense that 
humans cannot influence the emergence of natural resources. However, as soon as 
deposits are exploited and the output of matter is treated in favor of a particular usage 
(e.g. improving coal quality by coal washing), natural resources are socially shaped 
and become a part of the technological system. The quality of coal and its availability 
is highly relevant for CCCT diffusion in China since most advanced combustion 
devices require high-quality coal. Besides, the spread of CCCT may be affected by 
competing energy sources. Our analysis is mainly directed to coal-specific issues since 
it is not possible to study the potential of all available fuels and energy sources.       
The components of a technological system, in our case the Chinese power system, interact 
with each other and culminate in a rather quick or slow diffusion of CCCT. The removal or 
change of one component results in an accordingly alteration of the remaining elements (op. 
cit.). Besides the given factors, their environment influences technological systems. Each 
technological system is surrounded by an environment consisting of factors, which are not 
under the control of system managers (op. cit.: 52/53). International developments or 
geological aspects, such as the location and deposit of natural resources4, can be seen as 
examples for environmental factors. However, this report is focused on the interrelated 
components of China’s power system and their affects on CCCT diffusion. The system’s 
environment is not the primary object of our study and won’t be discussed in detail. 
The Technological System Approach offers a complete framework for the analysis of our 
problem formulation. The approach serves as guideline for our study and leaves the structure 
of our report. It determines the elements and scope of our analysis of obstacles to CCCT 
diffusion and helps to provide fruitful conclusions for the formulation of policy 
recommendations. The latter are, in addition, based on the following chapter, which contains 
a theoretical discussion about opportunities and instruments for political intervention in 
technology diffusion.         
 
 
 
 
                                                 
4
 This example shows that natural resources are a difficult case in the sense that on the one hand, they may be seen as part of 
a system’s environment since their location and deposit is naturally given. On the other hand, they are socially constructed 
because of exploitation and treatment processes.     
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5.3 The Role of Public Policies in Technology Diffusion with Respect to CCCT    
5.3.1 Opportunities for Political Intervention in Technology Diffusion 
The purpose of this chapter is to show why governments decide to be involved in technology 
diffusion processes and in which way they may affect them. The theoretical foundation of 
public policies in technology diffusion normally rests on the notion of market failure – “the 
failures of market mechanisms to reach an optimal solution to an economic problem” 
(Carlsson/Jacobsson, 1995: 300). Market failures are caused by increasing returns to scale and 
scope, externalities, missing markets, coordination problems and uncertainty. (op. cit.). They 
affect processes of technology selection and may result in the selection of an inferior 
technology or ‘lock-in’ of incumbent technologies.  
Incumbent technologies are locked-in because of increasing returns to adoption (positive 
feedbacks) (Foxon, 2002: 2). Most existing technologies have lower costs than new designs 
and users or manufacturers have cumulated specific technical knowledge to optimize them. 
Infrastructures develop based on the attributes of existing technologies, thereby creating a 
barrier to the adoption of new devices. Furthermore, technological lock-in is strengthened by 
a decrease in uncertainty of established technology. Over time, both users and producers 
become more confident about the quality and performance of an incumbent item and shrink 
back from investments in new technology (op. cit.).  
Public policies are highly important concerning the reduction of lock-in effects because they 
may override economic considerations and create alternative incentive structures. This aspect 
is particularly valid for China’s power industry, which presently is very focused on economic 
growth and capacity expansion. Policies may contribute to transform China’s power sector 
investments into investments for more efficient electricity generating technologies.  
Carlsson and Jacobsson claim that processes of technology diffusion are influenced not only 
by market-related phenomena but the character of the entire technological system 
(Carlsson/Jacobsson, 1995: 301). They argue that political intervention is also motivated by 
institutional and network failures. For instance, in case there are no sufficient knowledge 
networks dealing with CCCT or the performance of existing networks is poor, China’s 
government should stimulate the appearance of knowledge sharing mechanisms and monitor 
them. Public policies are capable of promoting linkages, which would hardly come up without 
intervention, e.g. contacts between Chinese utilities and foreign governments. Therefore, 
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public intervention has a broker function, either directly or indirectly, matching firms, 
research institutes or other actors, which had little or no contact with each other.  
Besides creating networks among companies or foreign governments, political measures may 
help to improve connectivity between the elements of a national political system itself– an 
aspect, which is very important in a fragmented bureaucratic system as the Chinese one. 
There are a high number of public agencies, which are responsible for CCCT-related issues in 
China. Measures, such as the establishment of communication or planning forums, increase 
connectivity among the involved public authorities, affect CCCT policy-making and, 
therefore, influence technology diffusion. 
Institutional failures are caused by laws or regulations, which inhibit technology deployment 
by favoring outdated or incumbent technologies. This demonstrates that public policies may 
also block the adoption of sustainable technologies. However, public policies in favor of a 
new technology help to overcome institutional failures and replace existing regulations with 
an inducing policy framework. The latter may influence the emergence of prime movers by 
fostering industrial awareness of a technology’s opportunities and providing financial support 
(e.g. R&D funds, tax advantages) (op. cit.: 307). Doing so, government intervention reduces 
market uncertainty and stimulates the formation of new technology-based firms (op. cit.: 
307). At present, overcoming institutional failures is one of the main preconditions for CCCT 
diffusion in China since the existing legislation does not stimulate investments in CCCT. 
We conclude that public policies have a decisive function in diffusion processes. By 
providing a political framework in favor of a specific technology, governments create a 
market for new technologies and reduce uncertainty. Thereby, policy-makers stimulate the 
appearance of prime movers and a technology-specific production infrastructure. However, it 
has to be pointed out that public policies do not guarantee success. The formulation of 
policies for technology diffusion is a complex task because existing technological systems are 
rooted in complex settings of path dependencies, social issues etc. Creating public policies for 
CCCT deployment in China is particularly difficult since the country’s economy is in the mid 
of a transition process and political decision-making is highly affected by ideological 
considerations. Both aspects determine the country’s political priorities and selection of 
policy instruments.  
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5.3.2 Policy Instruments to Foster Technology Diffusion 
Governments have a range of ‘tools’, called policy instruments, which may stimulate 
technology diffusion. Policy instruments are defined as means “by which governments 
attempt to put policies into effect. These are the actual means or devices which governments 
have at their disposal for implementing policies, and from which they must select” 
(Howlett/Ramesh, 1995: 80).  
Scholars have made numerous attempts to classify policy instruments. Howlett and Ramesh 
focus on the extent of state presence involved in the use of each instrument. According to that, 
we distinguish between command-and-control instruments (direct regulation), economic and 
market-based instruments, technology initiatives and communication instruments. Command-
and-control instruments, such as environmental standards, entail high government 
involvement. The controlled persons or groups are obligated to act in the way stated by the 
controllers (Christiansen, 2001: 25). Economic instruments, such as taxes, subsidies, tradable 
permissions etc., permit the government varying levels of involvement while giving the 
decision to private actors. Technology initiatives, such as demonstration projects, describe the 
possibility that governments finance and/or organize projects, which aim at showcasing the 
applicability of a technology. Communication instruments, such as networking and other 
means of knowledge distribution, comprise government use of reasoned arguments and 
information to motivate certain patterns of behavior and behavioral change. In the following 
sections, we explain the effects of the discussed instruments on technological diffusion 
• Command-and-Control Instruments 
Command-and-control approaches (direct regulation) are commonly classified as either 
technology-based or performance-based. The former class typically requires the use of 
particular products, whereas the latter determines a certain pollution limit to be achieved but 
does not stipulate the means or technology to be used for compliance (op. cit.: 26). Until the 
1990s, China’s environmental policy was characterized by a clear preference for command-
and-control approaches. By introducing environmental standards, e.g. SO2 concentration 
standards, the national leadership tried to achieve environmental improvements. However, 
environmental standards didn’t succeed in stimulating a broad diffusion of CCCT. As we will 
see in chapter 6.3.1, this failure was on the one hand due to flaws in the design of particular 
regulations. On the other hand, it was caused by general features of command-and-control 
instruments: Even though appropriate direct regulations can motivate drastic behavioral 
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changes, they imply the danger of high costs – both for polluters and enforcement authorities - 
since many direct regulations include very specific requirements. If there are no incentives for 
firms to develop technologies that move beyond current regulations, mandatory requirements 
eventually deter investments in more efficient technologies such as CCCT. Hence, command-
and-control instruments may result in “’technology freezing’ rather than ‘technology 
forcing’” (op. cit.: 27). Due to trade-offs with economic growth in China, the predominance 
of direct regulations might slacken in the future.  
• Economic and Market-Based Instruments 
Economic instruments, such as taxes, tradable permits and subsidies, are an alternative to 
command-and-control policies. They are favored of economists and international 
organizations, e.g. the OECD. Generally, market incentives intend to induce behavior, instead 
of commanding or mandating it. In contrast to direct regulations, economic instruments leave 
the freedom of choosing the means and moment of compliance to the regulated agent. They 
aim at ensuring cost-effective compliance with policy goals and rewarding companies that 
manage to improve their environmental performance. Hence, economic incentives promote 
technologies, which are most efficient and commercial. Due to these characteristics, Rene 
Kemp claims that economic incentives are generally “more suited for the market diffusion of 
new technologies than innovation” (Kemp, 1997: 324).  
Since CCCT for power plants are very capital-intensive and offer long-term advantages, the 
provision of economic incentives is a key task of governments in the process of CCCT 
diffusion. Being designed in a proper way, economic instruments, such as SO2 taxes or R&D 
subsidies, may stimulate investments in high-efficient clean coal combustion technologies. 
Even though market-based instruments gained importance in China during previous years, 
their adoption is still in its beginnings. 
• Technology Initiatives 
Governments may start up demonstration projects to create opportunities to experiment with a 
technology on a limited basis. Demonstration projects increase the triability of a technology, 
which is necessary to optimize technical devices and adapt them to the required conditions. 
According to Rogers, triability is an important innovation feature, which affects technology 
diffusion (Rogers, 1995: 15). Besides speeding up technical improvements, demonstration 
projects may show that a technology can be operated in a reliable and commercial way under 
certain circumstances (e.g. geographical or technical conditions). They provide cases of best 
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practice, which might encourage companies or other governments to invest in a technology. 
For instance, a visit in the Danish Avedøre Power Plant persuaded high-ranked Chinese 
decision-makers to invest in ultra-supercritical technology.       
• Communication Instruments 
Communication instruments are useful policy means for addressing information problems 
related to products and processes (op. cit.: 321). Information campaigns, including 
workshops, sight visits etc., and networking activities may illustrate the applicability of a 
technology. Communication increases companies’ awareness of technology-specific features 
like costs, reliability, environmental performance etc.  
By convincing decision-makers, communication instruments may help to stimulate learning 
processes and overcome path dependencies which ‘lock-in’ outdated technologies. This 
aspect is of particular relevance with respect to China since high-ranked managers who pursue 
a rather traditional way of thinking and do not recognize long-term opportunities dominate the 
country’s energy sector (Interview F.N. Christiansen, 2005: 16) Therefore, training sessions 
to increase technical knowledge, diffusion seminars to showcase demonstration project 
operation and communication forums for CCCT-related issues might contribute to CCCT 
diffusion in China. Nevertheless, communication instruments are only useful as additional 
means, not as substitutes for regulations or market-based instruments (Kemp, 1997: 321). 
At the end of this section, we come to the conclusion that national governments have several 
different instruments to induce technology deployment but there is no ideal instrument. 
Instead, technology diffusion calls for a mixture of instruments, depending both on the 
specific features of a technology and economic, political and cultural circumstances in the 
given country. The given set of governmental opportunities and instruments to foster 
technology diffusion serves as inspiration for the policy recommendations developed in 
chapter 7.     
 
6. Obstacles to CCCT Diffusion 
This chapter provides a comprehensive analysis of obstacles to CCCT diffusion in China. In 
accordance with our analytical framework, we discuss the following types of obstacles: 
Institutional obstacles, obstacles related to actors and networks, natural resources obstacles 
and technology obstacles. Our analysis combines physical and ‘soft’ determinants of CCCT 
diffusion and comes up to the assumption that technological change is influenced by an 
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intertwined set of factors. At the end of the chapter, we summarize the identified diffusion 
obstacles in order to build a ‘bridge’ to the policy recommendations presented in section 7.     
 
6.1 Institutional Obstacles 
Institutions play a very important role in processes of technological change. Being in favor of 
outdated technologies, they may inhibit the spread of advanced technologies. Being 
progressive and stimulating, they may function as a catalyst of technology diffusion. In the 
following sub-chapters, we discuss in which sense institutions hamper CCCT diffusion in 
China.  
When power shortages became a serious obstacle for the development of China’s economy in 
the 1980s, China began to open its doors to the outside world and reformed its traditionally 
centralistic and isolationistic energy strategy in a step-wise way. The energy policy of the 
following Five Year Plans can be summarized in four objectives: 
• Introducing market forces to the energy sector; 
• Permitting the import of foreign technology and capital; 
• Diversification of China’s energy infrastructure; 
• Increasing energy efficiency and conservation. 
Due to these targets, ‘new’ issues, such as air pollution and the adoption of more efficient 
power generation technologies, gained prominence. During the 9th Five Year Plan period 
(1996-2000), the central government formulated its intention to improve the environmental 
performance of China’s power plants and positioned itself in clear favor of large-scale clean 
coal combustion technologies. In the following years, China’s leadership enacted several 
policies (see table 6-1), which identify CCCT as ‘key technologies’ and encourage their 
promotion and application. Particularly the 1997 CCT plan has to be seen as a guiding 
document for the further development of CCCT in China.  
The listed policies for CCCT promotion show that the central government has explicitly 
expressed its high interest in the diffusion of clean coal technologies. Despite this political 
support, the actual deployment of CCCT in China is still in its beginnings. It seems that 
considerable institutional obstacles hinder CCCT diffusion. In the following sub-chapters, we 
investigate different institutional obstacles which we have identified during our studies and 
which represent a broad range of political determinants on CCCT diffusion.     
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Table 6-1 Key Policies for CCCT Promotion 
Year Policy Content 
1997 9th Five Year Plan of the Chinese 
Clean Coal Technology and 
Development Outline to the year 2010 
Identifies CCT as an important measure for implementing a 
sustainable development strategy. Determines three key CCCT 
for power plants: IGCC, PFBC and CFBC  
1997 China’s Agenda 21 Suggests to improve energy efficiency and conservation by 
formulating policies which are conducive to the popularization 
and application of CCT 
1998 Energy Conservation Law Denotes energy conservation as “a long-term strategy for the 
national economic development” (China State Environmental 
Agency, 1998: 2). In article 39, CCT in “fluidized bed 
combustion, smokeless combustion, liquefication and 
gasification and others” (op. cit.: 8) are listed as encouraged 
technologies.  
2000 Clean Energy Action Coal-polluted cities were selected as demonstration cities 
receiving financial support for the installation of CCT. 
2000 10th Five Year Plan for Energy 
Conservation and Resources 
Comprehensive Utilization 
Improvements in energy efficiency are a ‘guiding principle’. 
IGCC and CFBC as well as other CCCT for power plants are 
identified as ‘key technologies for development’. 
 
6.1.1 Poor Design and Implementation of Air Pollution Legislation 
Coal-fired power plants are the leading source of industrial air pollution in China today, 
contributing up to 90% of sulfur dioxide emissions and over 79% of carbon dioxide 
emissions. Facing these facts, the diffusion of clean coal combustion technologies is an issue 
of environmental policy, particularly air pollution policy. Since the early 1980s, China has 
developed numerous laws in order to reduce the discharge of polluting emissions with special 
attention to sulfur dioxide.  
In the 1980s, China’s air pollution policies manifested a clear preference for command-and-
control instruments, which in many cases caused a high degree of resistance by local 
governments and hampered policy implementation. From the mid-1990s, air pollution policies 
became more progressive and were increasingly complemented with efforts to introduce 
market-oriented instruments, e.g. emission trading projects. Even though China’s recent air 
pollution regulations are more flexible and, hence, ease policy implementation, they are not 
sufficient to stimulate demand for clean coal combustion technologies. Experts identify two 
major problems: First, existing regulations are poorly designed and not tight enough to change 
the behavior of companies and individuals in China. Second and more important, the 
implementation of existing standards is poor and inconsistent (Watson, 2002: 364). In the 
following lines, we demonstrate at the example of the SO2 Pollution Levy System why 
China’s air pollution policy does not function as a driver of CCCT diffusion.   
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Table 6-2 Air Pollution Policies Affecting CCCT Diffusion 
Year Policy Content 
1982 Pollution Levy System  Introduced SO2 fees at 0,04 RMB/kg SO2 (US$ 0,05) emitted 
in excess of standards.  
1987 Air Pollution Control Law (original) Established SO2 concentration standards; no specific 
requirements to power plant efficiency. 
1992 Trial SO2 pollution levy system  Instituted a more strict levy system in two provinces and nine 
cities 
1994 Emission Trading Pilot Projects SEPA began experimenting with emission trading through 
pilot projects in six Chinese cities.  
1995 Air Pollution Control Law (revised) Revised requirements with a focus on SO2 control at power 
plants and large industrial enterprises 
1996 Total Emission Control Policy Established a ceiling on total emissions of twelve major 
pollutants, including SO2.  
1998 Two Control Zones Policy Formally established acid rain and air pollution control zones. 
In the addressed areas, SO2 and acid rain control efforts gained 
high priority  
1999 Power Plant Closure Order of the State Council to speed up the closure of 
inefficient and polluting small power plants.  
2000 Air Pollution Control Law (revised) Provides a new legal framework for air pollution policy. 
Changing the focus from emission rates to total emission 
discharges and establishes a system of emission permits.  
 
The 1982 pollution levy system was the first policy instrument adopted in order to reduce SO2 
emissions. It imposed a SO2 charge rate of 0.04 RMB/kg (US$ 0,005), being due in excess of 
emission standards. This levy excluded emissions caused by boilers for power plants and, 
therefore, missed the opportunity to give incentives to investments in CCCT. In 1992, the 
Chinese government instituted a two-year trial SO2 pollution levy system in nine pilot cities 
and two provinces (Finamore, 2000: 19). The trial enhanced the original system by raising the 
levy rate to 0,2 RMB/kg (US$ 0,03). It applied the fee to all emissions, not just those above 
the standards, and included power plants. Four years later, the State Council established ‘Two 
Control Zones’ for acid rain and air pollution control and widened the improved pollution 
levy system to the new zones.   
The integration of power plants increased the possibility that the instrument might function as 
a driver of CCCT diffusion. However, serious failures are still limiting the system’s effects. 
The current levy rate is too low to induce the procurement of clean power generating 
equipment. 90% of the levy is still returned to the polluting enterprises, impeding the actual 
aim of the levy system. Furthermore, the regulation’s implementation is very poor. Some 
provincial governments (e.g. Guangdong, Guizhou) never actually imposed SO2 levies since 
they prioritize economic considerations upon environmental policies (Interview S. Ohshita, 
2005: 27). This example demonstrates that other policy areas, pursuing different policy goals, 
may affect the implementation of air pollution policies in a negative way. Besides, the 
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enforcement of air pollution and inducement of CCCT diffusion is hampered by practical 
barriers, such as a lack of equipment to measure the sulfur content in coal, which is the typical 
measure used for applying the SO2 levy (Finamore, 2000: 19).      
Derived from the presented example, we conclude that the poor design and implementation of 
China’s air pollution regulations, which hinder the deployment of clean coal combustion 
technologies, is caused by the following factors: Many of China’s environmental regulations 
incorporate major failures, which inhibit changes in the behavior of pollutants and 
investments in more efficient combustion technologies. The implementation of environmental 
policies is hampered by conflicting political objectives of other policy areas, e.g. financial 
policies and the priority of economic considerations at the provincial level. This confirms 
Carlssons and Jacobssons analysis that institutional failures may slow down technological 
change (Carlsson/Jacobsson, 1995: 301). 
   
6.1.2 Incoherent Reform of China’s Energy Sector 
China’s energy sector is still in a process of transition from a centrally planned economy to a 
socialist market economy. Finn Normann Christiansen, manager at Burmeister & Wain 
Energy A/S5, describes the current state of the Chinese power sector as a “mixture of a 
centrally controlled regime and of privatization and capitalism” (Interview F.N. Christiansen, 
2005: 15). Since power sector regulation provides the economic setting for the adoption of 
modern power generation technologies, its ‘hybrid character’ creates some obstacles to the 
diffusion of clean coal combustion technologies.  
Traditionally, China’s energy sector was fully controlled by the central government. 
However, since the 1980s, the government is reducing its influence and tries to strengthen 
market forces. It liberalized coal prices in 1996 (Ohshita, 2005: 14) and, in the same year, 
introduced the Electricity Law, which restructured the power sector. The State Power 
Corporation of China (SPCC) was constituted – a holding company, which took over the 
government’s business responsibilities for the power sector. SPCC became owner of the 
infrastructure and all or parts of the state’s shares in the provincial power companies. 
Furthermore, the Electricity Law established a dual power pricing system: Old plants built 
with allocated capital under central planning were covered by the previous system, which was 
calculated on the basis of accounting costs. New plants, built after the reform, were allowed to 
                                                 
5
 Burmeister & Wain Energy A/S (BWE) is a leading Danish boiler company, which is the main adviser for the construction 
of an ultra-supercritical coal-fired power plant in the province of Shangdong.  
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have a 12-15% rate of return. Despite this slight introduction of profit allocation to the 
electricity sector, power prices remained state-controlled and stagnated on a low level. In 
December 2002, by enacting the Structural Reform Plan of the Power Industry, the 
government abolished the SPCC in order to separate power distribution and transmission and 
generation. Power assets formerly owned by the SPCC were distributed to eleven new or 
regrouped companies. However, the state’s influence on the new power companies is still 
strong, especially because electricity prices remain fixed by the government.  
The reforms of China’s power sector caused different institutional obstacles to the diffusion 
of clean coal combustion technologies. First, the transition of China’s energy sector is 
accompanied by a high degree of market uncertainty, which lies in the nature of economic 
transition processes. Since the regulatory conditions of the Chinese energy sector are 
constantly changing, potential investors and CCCT advocates cannot be sure if investments in 
highly efficient but expensive technologies will be returned. These obstacles to CCCT 
diffusion cumulate with barriers, which are provided by the government’s management of the 
reforming process. Jim Watson calls China’s power sector reforms “a deregulation on paper” 
(Interview J. Watson, 2005: 10). Electricity companies, which have been formally privatized, 
are still dominated by the state since the government owns the majority of their shares 
(Interview Christiansen, 2005: 17). Decisions about power projects are still controlled by the 
central government and the rate of return for sold electricity remains restricted. Hence, 
investors, particularly foreign companies, feel powerless (Interview Ohshita, 2005: 24) which 
reduces their willingness to take risks by investing in modern technologies.  
Another institutional obstacle is constituted by the inconsistent energy pricing systems. 
Between September 2004 and March 2005, liberalized coal prices have increased by an 
average of 8-10% or 30-50 RMB (US$ 3.6-6.0) per ton to 350-450 RMB (US$ 42-54) per ton 
(China Daily, 2005). In contrast to that, fixed electricity prices stuck on a low level (currently 
half a RMB, or 50 cent, per unit). This gap constrains the profits of power generation 
companies and their ability to buy modern power plant equipment. In August 2004, the 
government introduced a provisional proposal which suggested to price the coal within a 8% 
floating range in five specific provinces (Anhui, Henan, Shanxi, Shangdong and Shaanxi) and 
to raise the nation-wide electricity tariff by 1.4 fen (US$ 0,002) per kWh (op. cit.). However, 
these provisional measures do not solve the actual problem, which is rooted in inconsistent 
coal and electricity pricing systems.  
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After discussing different institutional obstacles to CCCT diffusion caused by China’s power 
sector reforms, we come to these conclusions: The transition of China’s energy sector leads to 
market uncertainties and budget constraints on Chinese power companies and, thereby, 
hampers investments in CCCT. The government’s management of the transition process is 
inconsistent and gives the energy sector a ‘hybrid character’, combining both elements of a 
planned economy and a socialist market economy. The strong hand of the state is still 
dominating the energy sector and deters potential advocates of CCCT. As a consequence, coal 
and electricity price management are inconsistent, limiting the profits of power companies 
and discouraging risky long-term investments. 
 
6.1.3 Insufficient Protection of Intellectual Property 
Insufficient protection of intellectual property is an important obstacle to CCCT diffusion. It 
particularly concerns international power companies, which transfer advanced technologies to 
China (Watson, 2002: 365). Nevertheless, it seems that rather few foreign investors have 
formed their view on this issue from direct experiences. Many firms just quote negative 
examples of other companies (op. cit.: 366). Watson concludes that worries about offences 
against intellectual property right constitute a “barrier in terms of perception” (Interview J. 
Watson, 2005: 9). 
China’s negative image regarding the protection of intellectual property is only partly a 
consequence of subjective perceptions but also a result of ongoing failures in the 
implementation of intellectual property right (IPR). Similar to the area of environmental 
policy, China has developed an extensive legal framework of IPR, which suffers from poor 
enforcement. The most relevant regulation for CCCT transfer to China is ‘The Patent Law of 
the People’s Republic of China’. It was adopted in March 1984 in order to protect patent 
rights for inventions-creations, foster their application and promote progress and innovation in 
science and technology. The law was amended in 1992 and 2000, complemented by the 2001 
‘Implementation Regulations of the Patent Law of the People’s Republic of China’, which 
give detailed rules on its enforcement.  
Due to local protectionism and a lack of truly independent enforcement authorities, IPR 
enforcement is insufficient to alleviate the concerns of foreign investors. Infringes of 
intellectual properties are often not prosecuted or punished and existing fines are too low to 
deter illegal activities. The court system has a shortage of adequately trained judges and the 
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resources of relevant administrative agencies are insufficient (Shanghai Flash, 2002: 3). 
However, since China entered the World Trade Organization (WTO) in December 2001, it 
has a strong motivation to bring the national IPR and its implementation in line with 
international requirements. This might contribute both to alleviate the mentioned ‘barrier of 
perception’ and the described practical obstacles to an efficient protection of intellectual 
properties.  
At the end of this subchapter we conclude: There have been essential improvements in the 
protection of intellectual property in China but due to negative experiences in the past, 
concerns about infringements of IPR constitute a ‘barrier of perception’ to CCCT diffusion. 
Ongoing failures in the enforcement of China’s IPR strengthen the negative perception of 
foreign investors. However, China’s accession to the WTO might function as a catalyst, 
stimulating the national government to further improve IPR and, hence, to alleviate the 
concerns of potential CCCT investors.  
 
6.1.4 Complex Institutional Requirements for Foreign Investments in the Power Sector  
Foreign direct investments (FDI) play a central role in accelerating the diffusion of clean coal 
combustion technologies in China since the state has not enough financial resources and 
technical know-how to expand and modernize its power generation infrastructure. In 1999, 
Chinese authorities estimated that a total of 18 Gigawatt foreign-funded capacity was needed 
between 1996 and 2000 (Blackman/Wu, 1999: 699).  
The central government has made some efforts to ease foreign investments in the power 
sector and to reduce barriers. In the document ‘Guiding the Direction of Foreign Investment 
Provision’(‘the Guidelines’), which determines the acceptability of FDI in China, it 
categorizes the construction of thermal power plants applying CCCT as ‘Encouraged’ when 
the plant exceeds a capacity of 300 MW (Roberts et al, 2002: 74). Furthermore, China’s 
leadership has reduced ownership restrictions to FDI in the power sector. Generally, foreign 
investors may invest in China’s power sector by the way of equity joint ventures (EJV), 
cooperative joint ventures (CJV), wholly owned foreign ventures (WOFV) and build-operate-
transfer (BOT)6 (Arruda/Li, 2004: 24). Prior to the late 1990s, the central government insisted 
                                                 
6
 WFOV: Established by foreign companies, economic organisations or individuals with funds that are entirely their own. All 
of the profits go to the foreign investors. CJV: Concerned parties may run their business as separate legal entities and bear 
liabilities independently rather than as a single entity. EJV: Partners cooperate in one common legal entity. Profit- and risk-
sharing in a joint venture are proportionate to the equity of each partner. BOT: The foreign company constructs and finances 
a plant and operates it for a fixed period after which the facility is surrendered to the state  
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on ownership restrictions which created an obstacle to technology transfer projects: In non-
BOT plant projects with a capacity exceeding a single-generator capacity of 299 MW or a 
total capacity of 599 MW, Chinese partners were obliged to maintain a controlling role 
(Blackman/Wu, 1999: 702). As a consequence, foreign investors were left with two choices: 
minor control, which caused problems with shareholders, or full ownership, which precluded 
alliances with Chinese partners. However, at the end of the 1990s, ownership restrictions were 
eased, allowing foreign partners in joint ventures to have “a controlling interest in all types of 
plants except nuclear plants and hydro plants larger than 250 MW” (op. cit.). Hence, the 
institutional obstacle to CCCT diffusion, caused by ownership restrictions on foreign 
investors in the power sector, has been removed to a large extent. 
In contrast to that, the complex and long-drawn out approval procedure for foreign power 
projects still constitutes an important obstacle. According to Chapter I, article 2, of the 
‘Interim Provision for Submission and Approval Procedure on Electric Power Project 
Invested Directly by Foreigners’, the first condition for international power projects is that 
they “conform to the national enterprise policy” (China Ministry of Power Industry, 1996: 1). 
If a project is accepted as corresponding to the national industrial policies, investors are 
mandated to contact several authorities – both at the provincial and central level - and to 
submit numerous official documents. The single steps of the approval procedure for CJV and 
EJV are outlined in figure 6-1.   
Amongst other documents, investors are asked to deliver a description of the planned 
investment (project proposal), a letter of intend and a Feasibility Report (FSR) which has to 
include files concerning the financing method, expected usage of the grid etc. (‘Interim 
Provision for Submission and Approval Procedure on Electric Power Project Invested 
Directly by Foreigners’ 1997, chapter II, art.11) At first, the documents have to be submitted 
to the local authorities for a preliminary review. Afterwards, they are forwarded to the central 
level. When the national authorities have accepted the FSR, NDRC will give the final 
approval for the power project7.  
 
 
 
                                                                                                                                                        
 
7
 The procedure for WOFV is mainly similar. Instead of a Feasibility Study Report and a project proposal, the investors are 
expected to deliver a preliminary application report and a project report.   
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Figure 6-1 Approval Procedure for Foreign CJV and EJV Power Projects in China 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The described procedure usually lasts from “18 to 60 months” (Blackman/Wu, 1999: 14) and 
has the potential to deter firms, which might be willing to transfer CCCT to the Chinese 
market. Usually, approvals for incremental technologies, e.g. supercritical technologies which 
are already applied in China, take less time than approvals for advanced technologies, e.g. 
radical innovations like IGCC (Interview J. Watson, 2005: 8). Hence, the procedure 
incorporates a specific barrier to the application of highly innovative combustion devices. Just 
as the implementation of air pollution policies, it is characterized by a poor coordination 
between the central and the provincial level. Most foreign investors cannot cope with the 
bureaucratic requirements without the support of local partners. For instance, the Danish 
power plant designing company BWE, which is the main adviser for the construction of a new 
ultra-supercritical power plant in Shangdong province, delegated the responsibility for the 
approval process to its Chinese partners, the local venture company Dragon Power Ltd. and 
the power station organization Luaneng Power Co. Ltd. (Interview F.N. Christiansen, 2005: 
14).  
At the end of this sub-chapter, we conclude: China has removed some institutional obstacles 
to FDI projects in the power sector by reducing ownership restrictions and officially 
encouraging the construction of CCCT facilities. However, the time-consuming approval 
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procedure for foreign power projects inhibits CCCT transfer projects. Therefore, it might 
deter actors which are highly important for technology diffusion: competent and prosper 
international power companies which could function as prime movers or innovators for CCCT 
in China. Approval processes for radical innovations, e.g. IGCC, take even more time than the 
procedure for incremental, well-proven technologies. Hence, there is an inherent obstacle to 
the transfer of highly innovative technologies.  
 
6.1.5 Insufficient R&D Funding 
Sufficient R&D funding is a precondition for the optimization of new technologies, pushing 
them from the innovation to the diffusion stage. In the following paragraphs, we investigate 
China’s R&D strategy on the field of energy with specific respect to CCCT.  
Figure 6-2 China's Gross Domestic Expenditure on R&D (GERD) 1997-2002 
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Source: China Ministry of Science and Technology, 2003 
During the past decade, China increased its overall expenditure on R&D from 50 billion RMB 
(US$ 6.02 billion) in 1997 to 1.3 trillion RMB (US$ 160 billion) in 2002 (China Ministry of 
Science and Technology, 2003). However, the country’s energy R&D funding is still 
considerable lower than the spending of industrialized nations like Japan or the U.S. (op. cit.).  
Comparing China’s R&D expenditure per industry, energy R&D was funded with 5.76 billion 
RMB (US$ 690 million) in 2000. It ranked at the fourth position behind industrial activities8 
(49 billion RMB/US$ 5.9 billion, in 2000), the research and development sector itself (25.82 
billion RMB/US$ 3.11 billion) and education measures (7.36 billion RMB/US$ 890 million). 
Hence, energy is an important issue but not a top priority of China’s R&D strategy. 
                                                 
8
 Industrial activities include for instance high-tech industries, such as communication equipment (11.2 billion in 2002), 
pharmaceuticals (2.16 billion RMB/US$ 260 billion in 2002) and computers and office machinery (2.48 billion RMB/ US$ 
300 billion in 2002). 
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Research and Development efforts on clean coal technologies are currently sponsored by 
three key science and technology programs, initiated by the Ministry of Science and 
Technology (MOST) (Fangneng, 2003: 21/22):  
• National Science and Technology Tackle Program; 
• National High Technology Research and Development Program (also called ‘863 
Program’) – the biggest science and technology program in China at present. Energy is 
one of six priority areas supported by the program. 
• National Key Fundamental Research Program  (also called ‘973 Program’). 
Figure 6-3 China's R&D Expenditure by Industries in 2000 
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Source: China Ministry of Science and Technology, 2003 
Each program focuses on different kinds of clean coal combustion technologies (see table 6-
3). The first one addresses technologies, which can be popularized on a large scale in a short 
time and is therefore focused on incremental technologies. The second program concentrates 
on technologies that can be industrialized in the near future and comprises both incremental 
(e.g. developing Chinese FGD technology) and radical innovations (e.g. IGCC). Meanwhile, 
the third project includes radical technologies, which might be used in a longer term. 
Applying different approaches, the existing science and technology programs seem to follow 
an overall strategy for research and development on CCCT.  However, several studies dealing 
with CCCT diffusion in China criticize that funding of the presented CCCT-devoted R&D 
programs is by far insufficient and creates a “financial obstacle” (Zhufeng/Jie, 2001: 4). 
Stephanie Ohshita considers limited financial resources for R&D projects as “the real weak 
point” (Interview S. Ohshita, 2005: 28) and describes Chinese research and development on 
CCCT as “very small-scaled” (op. cit.) and “more basic” (op. cit.). There seems to be a big 
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gap between announcing and outlining R&D projects on CCCT and their realization. 
Currently, China is playing a rather passive role in development and research of clean coal 
combustion technologies and depends on the input of international investors and technology 
transfer projects initiated by foreign governments9. These projects can but do not necessarily 
accelerate the deployment of clean coal combustion technologies. For instances, Japan’s CCT 
program, which is integrated in the country’s Green Aid Plan, did not succeed in stimulating 
CCCT diffusion due to the limited consideration given to the interests of potential Chinese 
technology adopters (Ohshita, 2003: 352). 
Table 6-3 CCT R&D Programs 
Program Measures 
National Science and 
Technology Tackle 
Program 
Development of reheat, large-scale CFB; 
Development and demonstration of semi-dry FGD 
CCT dissemination to improve urban environments 
National High Technology 
Research and Development 
Program (‘863 Program’) 
Demonstration of domestic supercritical power generation 
Research on Chinese made ultra-supercritical power units 
Researching and developing Chinese FGD technology 
Researching and developing Chinese technology for low NOx combustion 
with lower investment and lower operating costs 
IGCC demonstration project, developing Chinese capacity for design of 300 
MW IGCC power plant technology  
Providing technical support to the first Chinese IGCC project 
Researching and developing supercritical CFB boiler 
National Key Fundamental 
Research Program (‘973 
Program’) 
Coal pyrolysis, gasification and high-temperature clean up 
Prevention and treatment of coal pollution 
Efficient and clean energy of power systems 
Source: Fangneng, 2003: 21-23 
The Chinese government seems to be aware of the need of higher R&D funds for CCCT. A 
draft of China’s future ‘National Energy Plan’, which has been accepted by leading 
politicians, suggests to boosting the share of energy R&D in national R&D from 6.4% in 
2000 to 7% in 2010 and 8% in 2020. The necessity to increase R&D investment in CCT is 
explicitly stressed (State Council Development Research Center, 2003: 145-157). 
If these objectives become part of China’s future energy policy, they might stimulate CCCT-
related R&D activities and accelerate the deployment of high-efficient combustion 
technologies for power plants. At the end of this chapter, we conclude: The government has 
taken some measures in increasing R&D funds. Nevertheless, Chinas spending on R&D is 
                                                 
9
 Currently, there are five international CCCT technology transfer programs for China (Ohshita, 2001): 1. Japan’s Green Aid 
Plan, which aims at promoting CCT diffusion in China through demonstration projects. 2. A CCT promotion project by the 
U.S. Department of Energy (DOE), mainly focused on IGCC study and development. 3. Energy efficiency programme of the 
UK Department of International Development (DFID), achieving quick and low-cost improvements in energy efficiency and 
environmental quality. 4. CCT promotion project of UK Department of Trade and Industry, promoting the export of 
commercial CCT, establishing long-term relationships among British and Chinese research institutes and governmental 
departments. 5. Recently, China and the EU agreed on a long-term partnership at the field of clean coal technology, including 
a Clean Coal Action Plan (MOST press release, 10.3.2005).   
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considerable lower than the amounts invested by industrialized countries. Because of 
insufficient funding, China’s CCCT research and knowledge structures are at a basic level. It 
depends on inputs of foreign governments and companies. If implemented, China’s new 
‘National Energy Plan’, which targets to increase expenditure on CCCT R&D, might help to 
overcome the financial obstacle to CCCT diffusion.      
 
6.2 Obstacles Related to Actors and Networks 
Actors are important elements of technological systems. Edquist and Johnson describe them 
as “the main vehicles for technological change” (Edquist/Johnson, 1997: 58) in that they carry 
through innovations and their diffusion. The cooperation among actors in networks increases 
their knowledge and power and is an important precondition for the wide deployment of 
innovative items. In this section, we investigate in which sense aspects related to actors and 
networks inhibit CCCT deployment in China.  
 
6.2.1 Fragmented Decision-Making at the Central Level 
Chinese central government decision-making related to CCCT is dispersed among several 
ministries and commissions. This fact confirms Lieberthal’s thesis of the so-called 
‘fragmented authoritarianism model’ that “authority below the very peak of the Chinese 
political system is fragmented and disjointed” (Lieberthal, 1992: 8) – both among authorities 
at the central level and among central and provincial bodies. In the paragraphs below, we 
explain the distribution of responsibilities concerning CCCT and investigate in which sense it 
constitutes an obstacle to CCCT diffusion.  
Prior to 1998, the State Development and Planning Commission (SDPC) led broad policies on 
energy pricing and the structure of energy supply and, therefore, was responsible for the 
government’s overall strategy on CCCT diffusion. The commission was informed by the 
Energy Research Institute (ERI), which was controlled by the SDPC. The institute was and 
still is in charge of constructing energy development strategies, planning policies and laws. 
Decisions on industrial structure and technology policy for energy-intensive enterprises were 
made by the State Economic and Trade Commission (SETC) and by industry-specific State 
Bureaus (e.g. the State Bureau of the Coal Industry). Prior to the 1996 Electricity Law, the 
State Bureaus have been independent ministries, which were responsible for specific realms 
of energy sector regulation. In addition to the SETC, technology policy was under the 
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purview of the State Science and Technology Commission (SSTC), which promoted the 
development and dissemination of technology in China. Environmental Policy that could 
drive the adoption of clean coal combustion technologies was the responsibility of the 
National Environmental Protection Agency (NEPA).  
The high number of involved public authorities makes it difficult to create a coherent policy 
framework for CCCT diffusion. In 1995, China’s leadership made a step to solve this problem 
and established the ‘State Clean Coal Technology Program Leading Group’. Generally, the 
function of ‘Leading Groups’ is to work up materials for the consideration of the top leaders 
and “coordinate activities among the various bureaucracies in each bureaucratic cluster” (op. 
cit.: 14). The heads of Leading Groups typically know each other for many decades and there 
is “a great deal of informal contact and maneuvering” (op. cit.). Hence, Leading Groups 
create the opportunity to build networks among public actors, which help to identify problems 
and solutions and to share knowledge.  
The State Clean Coal Technology Program Leading Group was jointly formed by the SDPC, 
MOST and SETC. It included 13 ministries, commissions and administrations under the State 
Council as members (Zhufeng/Jie, 2001: 3). The main mission of the Leading Group was to 
work out the ‘9th Five Year Plan of the Chinese Clean Coal Technology and Development 
Outline to the Year 2010’. When the plan was worked out and then ratified by the China State 
Council, the Leading Group was dissolved (Shengchu/Yuhong, 2002: 1). Doing so, the State 
Council abolished China’s central CCT forum, which helped to avoid inconsistencies in 
policies of different authorities. Lacking a central platform, which organizes diffusion 
measures, the political framework for CCCT remained ill defined and incoherent in the 
following years. This confirms Rogers’ analysis that technology diffusion is strongly affected 
by the existence or non-existence of well-functioning communication channels (Rogers, 1997: 
5).  
At the beginning of the new century, the Chinese government implemented several changes in 
the public responsibilities for CCCT. The National Development and Reform Commission 
(NDRC) replaced the SDPC and SETC as main energy regulator. Within the commission, an 
Energy Bureau is in charge of drawing up macro-strategies, plans and policies for China’s 
energy industry (Arruda/Li, 2004: 22). Just as the former energy section of the SDPC, the 
Energy Bureau receives advice by the Energy Research Center. The 2002 founded State 
Electricity Regulatory Commission (SERC) assists the NDRC. The industry-specific State 
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Bureaus, which were formerly controlled by the SETC, have been transformed to industrial 
associations, being not a part of the public bureaucratic body anymore.    
The Ministry of Commerce (MOFCOM), formed in 2003, promulgates the ‘Foreign 
Investment Guidance Catalogue’ jointly with the NDRC and includes the Foreign Investment 
Administration (FIA). Within the FIA, the Manufacturing Industry Division has, amongst 
other responsibilities, jurisdiction over foreign CCCT projects for power stations. In 1998, the 
State Science and Technology Commission changed its name in Ministry of Science and 
Technology (MOST), remaining responsible for the national science and technology 
activities. The Ministry’s Department of High and New Technology and the Department of 
Basic Research outline and implement research and development projects on energy-issues. In 
1998, NEPA was transformed from a sub-ministry to a ministry named State Environmental 
Protection Agency (SEPA). It is responsible for national environmental regulations and 
environmental R&D projects (Department of Science and Technological Standards), which 
often touch CCCT-related issues.  
Figure 6-4 Central Level Authorities Involved in CCCT Deployment 
 
 
 
 
 
 
 
 
 
 
 
The new bureaucratic organization of the power sector has slightly reduced the number of 
actors involved in CCCT diffusion but by far not solved the problem of decision-making 
fragmentation. Two major failures continue to exist: First, the involved authorities pursue 
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in responsibilities of the involved authorities, the public organization of CCCT promotion is 
inconsistent and inefficient. For instance, both the Ministry of Science and Technology and 
the Energy Research Institute are in charge of developing CCCT-related R&D programs. In 
addition, the State Environmental Protection Authority is responsible for environmental R&D 
projects, which include improvements in energy efficiency. These overlaps show that a 
unified management of CCCT development is missing. Since the abolishment of the State 
Leading Group for CCT Development, there is no central forum for the coordination of CCT 
promotion policies and the formation of stable communication channels among the involved 
ministries. 
The connectivity between public departments, which are involved in CCT promotion, is weak 
(Interview S. Ohshita, 2005: 25). Stephanie Ohshita argues that the administrative reforms 
during the last years resulted in a lack of formal networks for distributing information (op. 
cit.). Especially the downgrading of industry-specific State Bureaus to industrial associations, 
which are officially not connected to the state, had negative effects on CCCT-related 
networking since the bureaus were very active in gathering and sharing information on clean 
coal combustion technologies. Hence, power reforms limited the number of public entities 
dealing with energy issues on the one hand but reduced the state’s capacity in gaining and 
distributing knowledge about CCCT on the other hand. 
At the end of this chapter, we draw the following conclusions: The fragmentation of central 
decision-making regarding CCCT promotion results in policy inconsistencies and overlaps in 
responsibilities. This is partly due to the fact that, since the abolishment of the 1995 ‘State 
Clean Coal Technology Program Leading Group’, China is in lack of a central forum for 
coordinating CCT promotion policies, which might help to avoid policy inconsistencies and 
stimulate the creation of knowledge networks.   
 
6.2.2 Tensions Between the Central Leadership and Provincial Governments 
The interaction and collaboration of central and local administrations is highly relevant for the 
deployment of clean coal combustion technologies. The historical relationship between both 
levels has been characterized by a lack of cooperation and divergent development objectives. 
Under the central planning system, local administrations had little room to develop political 
preferences and taking initiative for own economic projects. In recognition of these 
difficulties, the national government increased the provincial government’s leeway over 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 69
financial decisions and development project selection in the 1980s. Provincial governments 
received permission to use a certain quota of the revenues they collected for local projects and 
became primarily responsible for the development of their local economies.  
The decentralization of decision-making concerning financial aspects and economic 
development created an intertwined relationship among the provincial governments and the 
national leadership – both in a political and a bureaucratic sense – which affects the diffusion 
of modern technologies. Since provincial governments are responsible for their local 
economies, local officials have strong incentives to prioritize economic aspects. Therefore, 
provincial governments tend to ignore or circumvent top-level decisions that are vague or 
inconsistent to their local development objectives. This is especially valid for environmental 
regulations (see chapter 6.1.1). The central-local tension in environmental policy 
implementation becomes particularly apparent at the example of local Environmental 
Protection Bureaus10 (EPB). Local EPB are on the one hand urged by central level authorities 
to assure environmental policy implementation. On the other hand, they have to cooperate 
with provincial agencies, which promote local development and make it difficult to achieve 
environmental goals (Ohshita, 2005: 8). Often, pro-development agencies are stronger in 
political and financial terms and may finally “win out over the EPB if central environmental 
directives appear to conflict with local economic objectives” (op. cit.). Hence, the priority of 
economic development upon environmental issues hinders CCCT promotion at the provincial 
level.  
In addition to neglecting environmental issues, the specific features of innovative power 
projects deter provincial governments from investing in electricity generating facilities. 
Advanced energy projects require long construction periods and high up-front costs and offer 
lower rates of return than other businesses, such as investments in light or processing 
industries (Zhao, 2001: 7). In combination with prioritizing economic development, the long-
term character of investments in modern combustion designs inhibits provincial support for 
CCCT. Most provincial governments are not willing and often not able to act as innovators or 
early adopters who accept high risks in order to stimulate the diffusion of technological 
innovations.  
At the end of this chapter, we may summarize the results of our discussion. The 
decentralization of decision-making has increased the power of China’s provinces and makes 
                                                 
10
 All provincial governments have EPB which are responsible for all inspection and enforcement of regulations promulgated 
by SEPA, except in the case of major issues when SEPA itself will deal with the problem (IEA, 1999: 58) 
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the implementation of central level directives more difficult – especially when the directives, 
e.g. environmental regulations, do not correspond with local development targets. Local 
environmental authorities, such as EPB, are financially and politically weak compared to 
economic development agencies. They can in many cases not win out over economic 
objectives. This demonstrates that most local governments are not willing and/or able to act as 
innovators or early adopters of CCCT.   
 
6.2.3 Limited Resources and Low Economic Competence of China’s Power Companies 
During the last decade, the organizational structure of China’s power sector and, therefore, the 
economic framework for investments in modern technologies has been radically changed. 
From 1997 to 2002, the State Power Corporation of China (SPCC), a vertically integrated 
holding company, managed and owned the state’s power assets (generation, transmission and 
distribution) and its shares in the subordinate (provincial or regional) groups and power 
companies. In 2002, the Chinese leadership decided to segregate power generation from 
transmission and distribution in order to introduce competition to the power sector. The SPCC 
was abolished and its assets were distributed to eleven new or regrouped state-owned 
companies (Stanway, 2004: 119): 
• Two companies for the power transmission business: the State Power Grid Company 
in the north and the China Southern Power Grid Company in the south. 
• Five companies in the power generation business (so-called ‘Big Five’): China Power 
Investment Corporation (managed capacity: 29.89 GW); China Datang Group (32.35 
GW), China Huaneng Group (37.97 GW), China Guodian Group Corporation (30.43 
GW) and China Huadian Corporation (31.09 GW).  
• Four power-related service companies.  
The newly created power companies are relatively equal regarding their size, quality and 
geographic distribution, with no company owning more than 20% of the nation’s generating 
capacity. The companies have the formal status of independent power producers (IPP), being 
owned by shareholders. Notwithstanding their formal status of ‘private’ companies, the 
electricity generators are still “largely state/publicly owned and central government 
controlled” (Zhang, 2003: 20) since public entities own the majority of the shares. This 
apparently paradox development may be explained by the Chinese leadership’s assumption 
that public ownership is not necessarily inherently incompatible with competition (op. cit.).  
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The high degree of government control over the national power companies is confirmed by 
close personal relationships amongst the national government and heads of the power 
companies. For instance, Li Xiaopeng, the president of Huaneng Group, was vice president of 
the SPCC and is the son of the former Chinese premier Li Peng. Political cadres are still 
taking high-ranked positions in the power companies and have an immense influence on the 
electricity business. With respect to the diffusion of high-efficient combustion technologies, 
this aspect is of high relevance. It shows that a ‘traditional’ management dominates many 
Chinese power companies. Only very few Chinese power managers are open to advanced 
CCCT and capable of recognizing the long-term advantages of expensive, but highly efficient 
power technologies (Interview F.N. Christiansen, 2005: 15). The economic competence of 
Chinese power companies - which is manifested by a firm’s ability to perceive new 
opportunities, to learn and to take the appropriate risks (Carlsson/Stankiewicz, 1995: 32) - is 
low. Hence, most Chinese power managers do not hold the position of innovators or early 
adopters but rather of the late majority, which applies new technologies when it becomes an 
economic necessity.  
Another reason for the weak backing for CCCT is a lack of knowledge networks among 
power companies, distributing information about the advantages of CCCT devices. This 
barrier is owed to two reasons: First, an increasing degree of competition among the power 
companies inhibits cooperation in promoting new technologies. Second, the fragmented 
constellation of actors involved in technology development, selection and promotion makes 
information and knowledge sharing difficult. Generally, CCCT-related R&D activities are 
separated from power utilities, which only adopt developed technologies (Interview J. 
Watson, 2005: 9). This separation makes it difficult to build a well-connected innovation 
system and leads to the impression that China’s power companies do not call in all available 
expertise. The connectivity between technology developers – both public and independent 
institutes – and the Chinese power utilities is weak which inhibits the growth of CCCT-
specific knowledge within the power companies and influences their technology selection. 
CCCT diffusion in China is decelerated by economic objectives of power companies and their 
limited financial resources. Driven by the growing demand for electricity, most power utilities 
increased their profits during the last years. However, since 2004, power utilities are facing a 
rapid growth of national coal prices, which lead to an increase in their fuel costs and have a 
negative influence on the companies’ financial balance. For instance, in the first half of 2004, 
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net profits of Huadian Power International Corporation, the international daughter company 
of China Huadian Corporation, decreased by 1.71% since the company’s unit price of 
standard coal rose by 13% and increased costs by 240 million RMB (US$ 28.92 million). 
Notwithstanding their financial constraints, China’s power utilities are vying with each other 
to enlarge their presence and plan an immense expansion of their generating capacity (see 
table 6-4). In 2004, China’s ‘Big Five’ have launched several financing plans – most of them 
sponsored by State bank credits - that involve 15 billion RMB (US$ 1.8 billion).  
Table 6-4 Capacity Expansion Targets of China’s Power Companies 
Company 2004 2010 
China Huaneng Group 39 GW 60 GW 
China Guadian Group 40 GW 60 GW 
China Huadian Corporation 31 GW 60 GW 
China Investment Power Corporation 30 GW 70 GW 
China Datang Group 33 GW No clear target 
Source: Business Weekly 2004 
Therefore, China’s electricity industry is expected to face a ‘twin problem: Coal prices will 
continue to rise, since the increase in power generation capacity puts further stress on Chinese 
coal suppliers. In contrast, electricity prices are likely to decrease soon since China might face 
a power glut in 2007 due to the current boost in power investment (China Daily, 2004). The 
‘twin problem’ might have the following implications on CCCT diffusion: Power companies’ 
investments in generation capacity incorporate a high risk and reduce their willingness to 
invest in combustion technologies which are very promising in the future but not fully 
commercial at present. Economic aspects are clearly prioritized, whereas environmental 
issues play an inferior role (Interview F.N. Christiansen, 2005: 16). This assumption is 
confirmed by the fact that Chinese power companies are currently adopting supercritical 
CCCT which are well proven and commercial but “nothing incredible efficient” (Interview J. 
Watson, 2005: 8). Consequently, the diffusion of CCCT in China is proceeding in a slow and 
incremental manner with companies, which are not willing to or capable of acting as 
innovators or prime movers. 
Problems rooted in production complexes, which involve other industries, create another 
obstacle to CCCT diffusion. Whereas knowledge networks focus on the distribution of 
information, production complexes concentrate on the exchange of material resources 
(Carlsson/Stankiewicz, 1995: 36). Production complexes touching CCCT diffusion involve 
equipment suppliers and the coal industry. Apparently, the production of CCCT equipment 
doesn’t create an obstacle since China’s manufacturing industry has made impressive 
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progress during the last years (Interview F.N. Christiansen, 2005: 18). At present, equipment 
for new power plants is mainly produced in China. Only some very sophisticated facilities or 
materials have to be imported (op. cit.).  
In contrast to that, cooperation among the coal industry and power companies creates a hurdle 
on China’s way to CCCT deployment. As mentioned before, only a minor share of the coal 
produced in China is washed. Besides technical and financial reasons, this problem is caused 
by a lack of technical knowledge and cross-industrial communication. Many Chinese coal 
suppliers insist on their traditional production processes and have to be convinced that low-
quality coal is not suitable for most modern combustion devices (op. cit.: 6). In the past, there 
were no sufficient cooperation mechanisms among coal mines and power utilities in place in 
order to solve this problem. However, this obstacle might be alleviated in the near future since 
China’s power companies aim at intensifying their collaboration with the coal industry11. 
Cooperation agreements among the coal industry and the power utilities might help to 
improve coal quality and make it suitable for more efficient power generation technologies.  
At the end of this chapter, we identify the following obstacles related to China’s power 
companies: The management of China’s power companies is characterized by a low economic 
competence. Only few power managers recognize the long-term advantages of CCCT. 
Because of an increasing competition among China’s power companies and a fragmented 
innovation system, CCCT knowledge networks among the power companies and technology 
design institutes are weakly developed. The lack of knowledge and information sharing 
mechanisms has a negative effect on technology selection. Weak linkages between the power 
and the coal sector result in a low share of coal, which is suitable for CCCT devices. An 
increasing number of cooperation agreements might reduce this problem in the near future. 
However, financial constraints and risky capacity expansion programs strengthen the 
dominance of economic considerations and reduce the willingness and capability of 
companies to invest in high-efficient CCCT. 
 
 
 
 
                                                 
11
 The China National Coal Group Corporation announced that it has entered into a ‘Long Term Strategic Cooperation 
Framework Agreement’ with Huaneng Group in June 2003. China Power Investment entered into a ‘Strategic Cooperation 
Agreement’ with Pingdingshan Coal Group.  (Arruda/Li, 2004: 27). 
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6.2.4 Retreating Foreign Investors in the Power Sector 
It has been pointed out above that foreign direct investments are highly relevant for the 
diffusion of CCCT in China. The International Energy Agency predicts that US$ 2 trillion12 
need to be invested in China’s electric power infrastructure over the next three decades (IEA, 
2003b: 383). This means that 2.1% of the country’s GDP should be invested every year in 
power infrastructure. Since the Chinese government can’t catch up with this challenge, it has 
made strong efforts to induce FDI (see chapter 6.1.4), which lead to an increase of 
international investments in the Chinese power sector. In 1990, foreign investments accounted 
12.2% of total investment in China’s electricity generating market. In 1997, this percentage 
increased to 14.5%. International power companies “were rushing into the market” (Interview 
S. Ohshita, 2005: 24) because of the country’s growing electricity consumption. In the first 
half of the 1990s, China’s power demand increased at an average annual rate of 10% (Cho, 
2004: 1). Big Western companies, such as American Electric Power and Siemens, were the 
dominant players in FDI in the Chinese power sector (Blackman/Wu, 1999: 701).  
In the second half of the 1990s, the economic framework conditions for foreign investments 
in China became more complicated. Following the outbreak of the Asian financial crisis, the 
increase in electricity demand began to slow down. Over the years 1996-1999, power demand 
increased at an average level of 4.6% (Cho, 2004: 2). Nevertheless, the share of FDI in 
electricity generating demand rose from 12.2% in 1990 to 14.5% in 1997. In the following 
years, China’s economy recovered from the crisis and the average annual increase rate of 
electricity demand jumped to 9.4% (op. cit.). In spite of this positive development, foreign 
investments in the country’s power sector fell to 7.5% in 2002 (Asia Times, 2005). 
Newspapers reported that a growing number of big international power companies, including 
American Electric Power, Siemens, Vattenfall and others, are currently planning to retreat 
from China or have already left.  
                                                 
12
 More than half of this amount will be for transmission and distribution. 
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Figure 6-5 Electricity Output, Power Demand and FDI in the Chinese Power Sector 
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The retreat of international companies, which are leading in the development and application 
of high-efficient combustion technologies, has negative implications on the diffusion of 
CCCT in China. Foreign power companies introduce high-standard combustion devices to the 
Chinese power system and, by applying them, create cases of best practice, which might 
encourage Chinese actors to adopt these technologies. Most foreign investors have a high 
technical knowledge as well as sufficient financial resources and are often supported by their 
national governments13. They have the potential to function as so-called ‘prime movers’ who 
are capable of initiating or strongly contributing to the diffusion of CCCT by raising 
awareness, undertaking investments and providing legitimacy (Jacobsson/Johnsson, 2000: 
636). Hence, the withdrawal of important foreign companies is both negative in a financial 
sense and with respect to the provision of knowledge and stimulation of markets for CCCT. 
The reasons for the decrease of foreign direct investments in China are an accumulation of the 
institutional and actor-related diffusion obstacles discussed so far. Analysts say that Western 
companies do not understand the Chinese market and its culture. Therefore, they don’t know 
how to cooperate with Chinese departments and companies (Asia Times, 2005). Many 
Western managers are not aware of the high meaning of good personal relationships for doing 
business in China and are often considered as unnecessarily “pushy (…) and overly assertive” 
                                                 
13
 Several national governments, such as Japan, the U.S., the United Kingdom plus the EU, have set up CCT transfer 
programs to China (see footnote 9). 
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(PriceWaterhouseCoopers China, 2004). These difficulties demonstrate that cultural 
differences between Western and Chinese actors may provide a barrier to foreign investments.  
Besides, the traditional institutional fragmentation of the Chinese administrative system 
makes it difficult for foreign companies to find an initial point of contact (Watson, 2002: 
365). This problem is accompanied by inconsistent policies, which constitute an institutional 
barrier. Foreign companies complain about an unreliable and non-transparent political 
framework, which fails in giving a clear outlook to the future development of the electricity 
industry (Asia Times, 2005). For instance, many local governments just abandoned the long-
term power purchase agreements (PPA) with the foreign power producers, which set the 
generating hours and electricity tariffs. This behavior is partly due to the fact that in China the 
power industry is not only an economic but also a political issue, whereas Western investors 
strictly stick to their financial and economic criteria (op. cit.). Hence, a different 
understanding of power sector management among international electricity managers and 
Chinese decision-makers may deter potential CCCT investors.  
Negative effects of the described cultural and political problems cumulate with recent market 
developments. Increasing competition with China’s new energy conglomerates which pursue 
an aggressive capacity expansion as well as the growing gap between coal prices and 
electricity prices, diminish the profits of foreign companies and increase economic risks. 
Technical obstacles, such as a low coal quality, further inhibit FDI in sophisticated 
combustion devices.  
The previous paragraphs have demonstrated that the commitment of foreign power investors   
depends on highly complex circumstances, which are shaped by China’s overall political and 
economic development. However, it is important to stress that despite the current negative 
tendency in foreign investments in the power sector, international power companies haven’t 
lost interest in the Chinese market. Many foreign investors expect that China’s WTO 
accession will stimulate further improvements in the country’s political and economic 
framework conditions. It is expected that “when the market becomes transparent in three or 
four years, foreign companies will return” (op. cit.).    
At the end of this chapter, we come to these conclusions: Having a high technical knowledge, 
sufficient financial resources and being, in many cases, politically backed up, foreign 
investors may function as ‘prime movers’, who create cases of best practice of CCCT usage. 
Due to an accumulation of cultural, economic, political and technical problems, important 
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foreign investors are currently retreating from the Chinese power market. This development 
might slow down the diffusion of CCCT. However, foreign power companies haven’t given 
up on the Chinese market. China’s WTO accession is expected to lead to enhancements in the 
country’s economic and political performance, which might induce the return of foreign 
investors.  
 
6.3 Obstacles Related to Natural Resources  
Thomas P. Hughes’ Technological System Approach, which is particularly adapted to the 
power system, stresses the important role of natural resources in diffusion processes. In 
accordance with that, the following sub-chapters will show that the quantity, quality, 
distribution and availability of coal influence the utilization and diffusion of CCCT in China. 
As mentioned in chapter 5, natural resources are a difficult case in the sense that they may be 
seen as a part of a technological system’s environment since they are naturally given or as an 
element of the system in case they are socially shaped (e.g. by exploitation or treatment 
procedures). Our analysis comprises both environmental aspects, e.g. the distribution of 
China’s coal reserves, and systemic issues, e.g. China’s low coal-washing rate.  
 
6.3.1 ‘Limited’ Qualified Coal for Power Plants 
China boasts rich coal resources and is the global leader in coal production and consumption. 
However, like many other resource indicators, the per capita proven coal reserve is only 50% 
of the world average (Zhu/Zhang, 1998). Coal is an altered remain of prehistoric vegetation. 
In accordance with the disparity of carbon content, moisture level, heat value, ash content etc., 
it can be divided into four ranks - from the lower rank of lignite and sub-bituminous to the 
higher bituminous and anthracite coal. The World Energy Council’s 2001 ‘Survey of Energy 
Resources’ reports that in China, of all the 114.5 billion tons of proven and coverable 
reserves, hard coal (including anthracite and bituminous) accounts for 55%; sub-bituminous 
coal and lignite are about 29% and 16% (Yoshimitsu et al, 2004: 13). China’s unique coal 
property and the features of its resources are two of the main factors that need to be 
considered when selecting a combustion technology since each CCCT has certain 
requirements for coal quality.  
If categorized by the final usage, coal can be divided into two types: steam coal and coking 
coal. Steam coal is preferable for power generating technologies and accounts for 83% or 
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about 95 billion tons of China’s coal reserves (IEA WEO, 2002: 259). However, the reality is 
that only half of the coal is used for power generation. If we assume that China’s current 
recovery rate of coal is 50%14 and the annual coal consumption caused by power generation 
and heating is 646.5 million tons (China Statistics Press, 2003: 174), the country’s steam coal 
resources are estimated to sustain only 73.5 years. Due to a wastefully and inefficient usage, 
China might face steam coal shortages in the future which could hamper CCCT diffusion in 
the long run. There are some other factors – such as more complex conditions of underground 
mining, continuously growing steam coal demand, coal transportation bottleneck etc. – which 
increase the pressure on China’s coal production industry and result in further uncertainties.   
Sulfur and ash contents of coal have a strong effect on the efficiency of coal combustion 
technologies. The shares of sulfur and ash contents in China’s coal are listed in Table 6-5. 
Chinese coal is generally low in sulfur and high in ash content; however, the coal quality is 
deteriorating if it is excavated from deeper seams.  
Table 6-5 Sulfur and Ash Contents of Chinese Coal 
Source: Zhu/Zhang, 1998 
China’s coal resources are located in most of the country’s regions but their distribution is 
uneven. A minor share of the coal reserves is located in the south and southeast. Those are 
mainly coals with high sulfur content. Three quarters of the proven, recordable reserves, 
including almost all of the highest-quality coals, are located in the north and northwest 
(particularly in the provinces of Shanxi, Shaanxi and Inner Mongolia), whereas the most 
important demand markets for coal are in eastern and costal areas. This unfavorable 
distribution of coal resources and coal demand makes CCCT diffusion more difficult since it 
requires a developed transportation system and/or a well-connected and stable transmission 
and distribution grid; neither of these preconditions is currently fulfilled.    
At the end of this subchapter, we conclude that the over-quick depletion of suitable coal 
resources and the distance among centers of coal supply and demand intensify China’s crisis 
of secure energy supply. On the one hand, this situation might induce the more effective and 
                                                 
14
 Op cit. The article by Deren Zhu and Yuzhuo Zhang mentions that the recovery rate of coal was only 30% (the average of 
State-owned, local and township coal mines) in the mid-1990s. The present mining technology has enhanced the recovery 
rate.   
 Sulfur Content Ash Content 
Content, 
% 
<0.5 0.51-1.0 1.01-2.0 >2.0 <15 15-35 >35 
Percentage 
in total 
reserves 
48.6 14.9 15.1 16.4 41.2 55.1 3.7 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 79
efficient use of coal. On the other hand, it increases market uncertainty and might inhibit 
investments in modern coal-fired power plants.    
 
6.3.2 Low Coal Preparation Rate 
As shown in table 6-5, nearly 60% of China’s coal has an ash content of over 15%, which is 
much higher than in many other countries (e.g. most U.S. coals contain 5-10% ash). Sulfur 
contents too vary considerably, with some 44% of the coal burned for power generation 
having sulfur shares in excess of 1% (Minchener, 2000: 1014). In order to increase the coal 
quality and coal combustion efficiency, coal preparation is commonly regarded as the first 
option. As it involves the treatment of coal in order to modify its features in favor of a 
particular usage, we regard coal preparation as an element of the technological system for 
CCCT diffusion.  
Although China has increased the share of treated coal from 17.7% in 1990 to 33.78% in 2003 
(CCICED, 2004: 142), its coal-washing rate is still lower than the international average, 
which amounts approximately 45% (Watson et al, 2000: 6). In particular, the majority of 
China’s steam coal and anthracite production is still untreated. In 2000, only about 12% of the 
produced steam coal was washed (DTI, 2002: 3). This greatly inhibits the efficiency of CCCT 
and dampens the diffusion process. According to the 1995 survey elaborated by the China-UK 
Clean Coal Technologies Team, coal preparation procedures can remove about 50-70% of the 
sulfur (Oakey, 2000: 13). The costs of desulfurization by coal cleaning are only 10% of the 
costs of end-of-pipe desulfurization processes in power stations. In the future, an increase in 
China’s coal-washing rate will be even more important for the selection of power generating 
technologies as the sulfur and ash content in raw coal will steadily rise with improvements in 
mining mechanization and deeper mining.  
Since it is so important to clean the coal in the pre-combustion process, why does China have 
a low washing rate? There are several reasons for this problem: 
Firstly, the existing coal preparation capacity cannot guarantee that all the raw coal is cleaned 
before entering the market. In 2000, China’s total coal preparation capacity was 525 million 
tons per year (DTI, 2002: 2), which means at least half of the coal could not get the possibility 
to be cleaned. In the 9th Five Year Plan, it is determined that coal mines should supply 
commercial coal which is adapted to the consumer’s requirements. New and extended coal 
mines are mandated to construct coal preparation plants with capacities according to the 
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property of raw coal, customer requirements and transportation capacities. However, these 
policies haven’t been properly implemented in township and village coal mines (Oakey, 2000: 
12-13) and, therefore, didn’t succeed in creating favorable conditions for combustion 
technologies with high standards of coal quality.  
The final utilization of coal in China is unique - but not in a clean way. Different from OECD 
countries, coal utilization is far from being dominated by the electricity sector. The unwashed 
coal flows easily to the sectors of industry and transportation or even domestic use 
(households). In order to reduce the costs, it seems that suppliers and consumers have reached 
“acquiescence” regarding the high percentage of unwashed coal. This phenomenon has some 
historical background. In times of China’s planned economy, prices were set by the 
government; power plants and coal mines thought little about saving production costs, coal 
quality was rather stable. During the transition period, especially when the coal price was 
liberalized in 1996, most companies were more concerned about the price than the quality of 
coal. In the late 1990s, due to the dwindling electricity demand, qualified, cleaned coal could 
not sell out; while in recent years, the rising electricity demand loosened formal requirements 
for steam coal quality.  
In contrast to coal for indigenous usage, China’s internationally traded coal has a higher 
quality, which is mainly due to strict quality requirements at the international level (DTI, 
2002: 2). Besides being preferably used for exports, China’s washed coal is given to scattered 
flagship power plants, whereas low-quality coal is mainly used for local power plants 
(Interview J. Watson, 2005: 11). Hence, it seems that the usage of China’s limited high-
quality coal is not in favor of promoting domestic CCCT diffusion on a large scale. However, 
since the quality of coal imported from other countries is high and in accordance with 
contractual agreements, increasing coal imports might alleviate this barrier.     
Another obstacle to a higher coal-preparation rate is caused by the traditionally high water 
consumption of coal cleaning processes. Coal mines in China are mainly located in areas 
without too much water, some even in severe shortage. Therefore, some advanced preparation 
technologies, like dry cleaning processes, dense-medium preparation processes and deep 
cleaning processes for high sulfur coals, are still not widely deployed, diminishing the share 
of coal suitable for modern combustion technologies.   
The interdependencies among coal production and power generation were disregarded in 
China for a long time. Cheap but unwashed coal results in poor thermal efficiencies and 
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environmental pollution. As a matter of fact, uncertainties of coal quality sometimes restricted 
the implementation of technology transfer projects. In some cases, boiler licensing contracts 
among Chinese and international companies included detailed guidelines concerning 
efficiency and emissions, whereas the coal quality to be used was not specified in sufficient 
detail. Because of that, many international boiler companies refused to take part in CCCT 
transfer projects since they were asked to provide comprehensive performance guarantees 
without having enough information about the applied fuel (Watson et al, 2002: 55).  
The longer-term forecast is that, by 2010, further significant coal-cleaning capacity will have 
been added, raising China’s total coal preparation capacity to 808 Mt annually and increasing 
the market share of prepared coal to 40%. In order to promote the take-up of coal preparation, 
the national government has identified a number of policies in its 9th Five Year Plan, 
including synchronizing the coal preparation and coal production, building mine-mouth 
power stations near large-capacity preparation plants and utilizing comprehensively the refuse 
from the coal preparation plant” (Oakey, 2000: 13). However, once more, the enforcement of 
these measures turned out to be difficult.  
In summary, the special coal quality in China is an important attribute of the wide deployment 
of clean coal combustion technologies. As such, it explains why coal washing and preparation 
technology was one of the CCT in a Chinese context. Without solving the coal preparation 
problem, it is not possible to achieve the theoretical or ideal thermal efficiencies of modern 
power generating technologies. Hence, aspects concerning natural resources should always be 
regarded as the headstream of the diffusion work.  
 
6.3.3 Inappropriate Coal Transportation Infrastructure 
The uneven geographic distribution of Chinese coal reserves leads to a series of problems, 
such as coal transportation. China’s center of coal supply (north and northwest) is far away 
from the consumption center (east and south). As coal mines struggle to catch up with surging 
electricity consumption, limited transportation has become a major bottleneck in order to 
secure coal supply. Chinese coal is transported through three channels: railway, river and 
road. In recent years, the volume of coal being transported by rail and ship has increased 
rapidly. In 2000, 685.45 million tons of coal were transported by rail and 188.85 million tons 
of coal were transported by ship. In 2001, rail transport reached 766.25 million tons, while 
marine transportation reached 222.05 million tons (Sagawa et al, 2003: 3). 
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Rail is one of the dominant freight transportation modes in China. 40% of the freight tonnage 
moved by rail is coal and about 70% of China’s coal is moved by rail. There are three main 
rail routes connecting the Three Xi Region15 to the areas in demand. The Northern route 
consists of the Daqin, Shuohuang, Fengshada, Jingyuan, and Jitong lines; the middle route 
consists of the Shitai Line; and the Southern route consists of the Taijiao, Houyue and 
Longhai lines, which are connected to the lines linking coal shipping ports and relating 
Southern regions and Northern regions. Coal shipping ports include Qinhuangdao, Tianjin, 
Huanhua and Jingtang ports, connected to the northern route; Quanwan Port, connected to the 
middle route; and Rizhao and Lianyungang ports, connected to the Southern route (op. cit: 4-
5).  
Transportation by inland rivers occurs on the Jinghang Canal, the Yangze River and Pearl 
River and other bodies of water. In 2000, 13 million tons of coal were transported from 
Shandong Province to the Yangtze River via Jinghang Canal and about 21.6 million tons were 
transported via Yangze River. 
Roads are mainly used for short-distance transportation, from mines without train loading 
facilities to freight loading stations and from mines or coal storage centers to small-scale users 
that lack access to a freight train facility. Road transportation is the primary means for coal 
transports within provinces, but also between neighboring provinces. However, small-scale 
mines, including township and village mines, at which train transportation services are 
unavailable, use trucks for mid-to-long distance transportation. In 2000, 45 million tons were 
transported by truck from Shanxi Province (op. cit: 6) to other regions.  
China met an over-demand for coal since late 2003 and the country’s inadequate 
transportation network worsened the situation. This resulted in a series of ripple effects: 
electricity shortage, coal price hiking, more demand for oil etc. Power plants have special 
requirements for coal, but the rising coal price and the transportation bottleneck created great 
difficulties. Many thermal power plants, which constitute the bulk of China's power supply, 
have to operate well below capacity, which debases their profitability and increases economic 
risks. According to a report, in mid 2004, coal stockpiles at power plants lasted only for eight 
days, while plants in Hunan, Anhui and Jiangxi provinces only having three days' worth of 
supplies (MABICO, 2005).  
                                                 
15
 The Three Xi Region is the main coal producing region in China, including Shanxi Province, Shannxi Province, and 
western part of Inner Mongolia Autonomous Region  
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There are some non-physical reasons that might exacerbate the effects of the described 
transportation problems:  
• Power plants are normally dependent on a specific coal site. Building more mine-mouth 
power plants is proposed, but those plans need to include a comparison of the costs of 
transporting coal and transmitting electricity.  
• A majority of coal transported to domestic consumers is unwashed, which means that low-
quality and low-heat value fuels are occupying the railways.  
• Because of environmental degradation and climate uncertainty, some inland rivers are 
dried out and, therefore, unable to transport coal, which puts more pressure on the railway 
system. 
• Coal mines and power plants do not obey their contracts well. Chinese power plants sign 
coal purchase contracts with coal mines at the beginning of the year, accounting for 40% of 
the consumption. The rest is purchased on the spot market. When the spot price is 
distinctly higher or lower than the contracted prices, the contracts were sometimes not 
complied; transportation plans, which had been already drafted by the public transportation 
agencies, were left unused.  
Unless adequate coal transportation capacity (with some reserve capacity) can be secured to 
transport the projected amounts of coal, a transportation bottleneck will occur inevitably and 
continuously. CCCT diffusion projects have to take coal transportation problems into 
consideration because many modern combustion facilities have specific requirements for coal. 
Therefore, bottlenecks in China’s coal transportation system may have negative affects on the 
performance and adoption of sophisticated combustion technologies. In the future, coal 
transportation issues should be incorporated into the process of planning and constructing new 
power plants.  
 
6.4 Technological Obstacles 
Physical artifacts, such as fuel flexibility, maturity and efficiency, have essential effects on a 
technological diffusion. In recent decades, engineers, scientists, economists could achieve 
considerable optimizations on the field of clean coal combustion technologies. China is not 
the discoverer of these technologies, but the emergence of highly efficient combustion 
devices and increasing market competition gave Chinese utilities and decision-makers more 
initiative to consider alternative technical options. A broad range of attributes influences the 
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process of technology selection. In this chapter, we discuss different technological factors that 
may constrain the deployment of CCCT. Some are very unique to China; some are common 
all over the world. 
  
6.4.1 Adaptable CCCT for the Coal Available  
As we have mentioned in Chapter 4, the development of CCCT is motivated by enhancements 
in thermal efficiency and emission discharge. CCCT can be divided into two categories: 1. 
Steam cycle technologies – atmospheric fluidized bed combustion (AFBC) and advanced PF 
combustion (e.g. supercritical and ultra-supercritical); 2. Combined cycle technologies - 
integrated gasification combustion cycle (IGCC) and pressurized fluidized bed combustion 
(PFBC).  
With over 40 years of operational experience, subcritical PF combustion was proven to be a 
predominant coal technology and is also widely deployed in China. It owes this position to its 
good all-round performance and high availability. However, the main barriers to its 
continuous usage are its relatively low thermal efficiency and, thus, the rather poor 
environmental performance. Subcritical PF plants can be fitted with pollution control 
equipment, like FGD, which has already made some progress in China. However, the total 
costs of retrofitted subcritical PF facilities per MW of generated power are higher than those 
of more efficient units. Hence, the development of PF combustion has focused on higher 
efficiencies, which was realized by increasing steam conditions, i.e. supercritical and ultra-
supercritical conditions. Hereinafter, we present an analysis and comparison of four advanced 
CCCT: Supercritical PF, AFBC, PFBC and IGCC.  
In the technological context, it seems easy to set a simple choice criterion: the proposed 
technology should have a high efficiency and low costs. However, these simplified attributes 
underestimate the complexity of CCCT and ignore other, equally important characteristics. 
An IEA report (IEA, 1996: 13-17) discusses nine factors, which affect the selection of CCCT:  
• Fuel Selection and Flexibility: The involved factors include: security of coal supply, coal 
quality, coal price, transportation costs and a technology’s capability to use a wide range of 
coal qualities. Most optimized generating systems may utilize only a relatively narrow 
range of local coal. One of the advantages of AFBC is that it has a high fuel flexibility. 
• Maturity of Technologies: The state of a technology’s development and the utility's 
perception are very important factor regarding the process of technology selection. 
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Supercritical PF combustion is, by far, the most mature technology, with IGCC and PFBC 
just entering the commercialization stage. AFBC is generally considered as commercial but 
only for relatively small boiler sizes. 
• Plant Size: A series of factors needs to be considered when deciding about the plant size: 
electricity demand, distance between the power plant and relevant coal mines, 
transportation ability etc. 
• Thermal Efficiency: High thermal efficiency reduces the amount of coal required for a 
certain power output, thus, reducing fuel costs and CO2 and other emissions. In addition, 
the unit size can be smaller for the same power output, saving the initial capital costs. 
• Operational Performance: If the demand for electricity varies, power plants have to 
accommodate to these variations with different loads - base load or part load -, which will 
affect the economic lifetime and overall economy of the project. China’s electricity market 
is still controlled by the state and not fully competitive. However, in the future, 
competition is expected to have a strong influence on the loads of power plants.   
• Environmental Performance: Power plants must conform to environmental legislations. 
Some CCCT discharge less emissions than others (e.g. IGCC compared to PF), but 
additional flue gas clean-up devices can be fitted to all types in order to ensure that 
legislative requirements are met.  
• Availability, Reliability and Maintainability: The costs of unscheduled breakdowns and 
maintenance are high. The power plants lost the revenues from the unmet electricity 
generation, sustain additional costs of reserve systems and burden the costs of maintenance 
and repair.   
• Construction Issues: Construction issues cover such factors as work amount and 
construction time, site management, number of possible suppliers and the possibility of 
local manufacturing. 
• Capital Costs: It is difficult to be certain about the capital costs of a technology because 
utilities and manufacturers do usually keep these as commercial secrets. The capital costs 
of a plant depend on the bargaining force of the supplier and framing power market 
conditions.  
According to the nine factors outlined above, we compare the performance of four CCCT in 
table 6-6.   
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Table 6-6 Comparison of Four Advanced Clean Coal Technologies 
Parameter Supercritical PF AFBC PFBC IGCC 
Maturity of 
Technology 
** 
Substantially 
proven 
** 
Proven at small 
Scale (<200 
MWe only) 
** 
Only five 
commercial units 
built, limited 
experience 
* 
Only one 
commercial unit 
Range of Unit 
Size Available 
*** 
All commercial 
sizes available 
**(*) 
Small units only 
at present 
*(*) 
Currently limited 
to two sizes 
** 
Currently limited 
to large gas 
turbine units 
Fuel Flexibility 
** 
Burns a wide 
range of coals, but 
less good than 
FBC at extremes 
of moisture/ash 
*** 
Will burn 
practically 
anything that can 
be burned 
**(*) 
Should burn same 
range as AFBC, 
but not proven 
*(*) 
Should use wide 
range of coals, 
but not proven 
Thermal 
Efficiency 
*** 
High further 
increase depends 
on materials 
development 
*(*) 
Relatively low, 
but supercritical 
steam conditions 
will raise 
**(*) 
Inherently less 
good than IGCC. 
Topping /2nd 
generation will 
raise 
*** 
High, further 
increases as gas 
turbines improve 
Operational 
Flexibility 
** 
Performance 
limited at low load 
*** 
Wide load range 
and response 
*(*) 
Potentially similar 
to PF but needs 
proof 
* 
Limited 
experience, need 
demonstration 
Environmental 
Performance 
** 
Better than 
subcritical because 
of higher 
efficiency 
* 
Low efficiency 
and large volume 
of solids 
** 
Good, but solids 
residues a potential 
problem 
*** 
Excellent, inert 
slag, sulfur 
recovered in 
elemental form 
Availability 
** 
Proven to be good 
** 
Limited 
experience at 
utility scale 
** 
Limited experience 
* 
Limited 
experience, 
results modest so 
far 
Build Time 
* 
On-site erection 
required 
** 
On-site erection 
required, but no 
FGD required 
*(**) 
Long so far, but 
substantial 
opportunity for 
modularization 
*(*) 
Long so far, but 
opportunity for 
shop fabrication 
of major items 
Current 
Specific 
Capital Cost 
** 
Medium 
**(*) 
Potentially 
cheaper than 
PF+FGD 
*(**) 
Expensive 
* 
Most expensive 
(**) has potential to achieve additional ** rating; Source: IEA, 1996: 26 
Table 6-6 shows that all four CCCT have advantages, as well as disadvantages; table 6-7 
contains some technical barriers to the adoption of the listed combustion technologies and 
outlines the development needed in the near future. Both schemes make clear that there is no 
single combustion technology, which performs best within all nine categories. PF is the most 
mature technology and ultra-supercritical PF power plants are the most efficient ones. In 
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terms of fuel flexibility, FBC (including AFBC and PFBC) ranks first, but its efficiency and 
environmental performance is inferior to IGCC, which is the cleanest but also the most 
expensive of all CCCT. In China, the aspects of maturity, reliability and profitability play a 
particularly important role due to the necessity to secure a stable and cheap electricity supply. 
Hence, China’s technological system for CCCT diffusion is rather in favor of incremental 
technologies than highly advanced combustion equipment. 
Table 6-7 Technical Barriers and Development Perspective of Advanced CCCT 
Technology Technical Barrier Development Need 
AFBC Scale 
Efficiency 
Ash disposal 
N2O 
Increase in furnace size 
Introduce supercritical steam conditions 
Industrial use 
Reduce formation or identify clean-up options 
Supercritical 
PF  
Fuel Flexibility 
Gas Clean-up 
Efficiency 
Build Time 
High temperature, corrosion-resistant materials 
Cheaper de-SOx and de-NOx processes 
Furnace and final superheat tubing materials 
More modular construction 
PFBC As AFBC above 
Higher Gas turbine 
Inlet Temperatures 
Gas Turbine Performance 
As AFBC Above 
Topping systems/ Advanced PFBC 
 
Hot gas filtration at 850C 
IGCC Availability 
 
 
 
Flexible operation 
Scale 
Increased gasifier maintenance intervals 
Better performance of gas turbines on low BTU gas 
simplified design 
Supplementary fuels 
Reduce time between shut-down and back on load 
Utilize smaller gas turbines 
Source: IEA, 1996: 27 
 
6.4.2 Complementary Technological Considerations in China 
The above-mentioned technical influences or obstacles to CCCT diffusion are universal all 
over the world. Despite certain weaknesses, each technology finds some application within 
the global market place. Since China’s electricity supply lags behind electricity demand, 
newly installed capacity increased by 50 GW in 2004 (Van Kerckhove, 2001). In recent years, 
the central government gave the power generation companies more policy support to 
introduce and utilize CCCT. China has already set up some pilot projects for testing PFBC 
and IGCC, although they are not yet under commercial conditions. Newly constructed coal-
fired power plants are mainly adopting the technologies of AFBC and supercritical or even 
ultra-supercritical PF technology. In costal areas, coal types selected by new power plants are 
based on the coal reserves nearby. For example, in Guangxi, a power plant was designed 
according to the anthracite imported from Vietnam (IEA, 2000: 10).  
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Besides technological obstacles, which are very specifically related to the features of clean 
coal combustion technologies, some complementary technological issues may hamper CCCT 
diffusion: 
• Competition from Other Energy Sources: Coal-fired plant construction in China faces 
the competition from other energy sources. The dominant shares in power industry are still 
coming from fossil fuels. Natural gas is the competitor of and a potential alternative to 
coal. China’s rich coal reserves and little consideration of externalities maintain the 
competitiveness of coal, but high capital costs and long construction times debase the 
advantage. Hence, CCCT developers need to put more efforts in reducing the costs of 
advanced, coal-fired power generating technologies.   
• Combined Heat and Power: In order to realize higher efficiency by using wastewater 
from power generation, district heating is an effective way to increase total energy 
efficiency. The practice in Denmark provides a good example, new CHP plants utilizing 
94% of the energy (EnergiE2: 11). However, it requires very costly and complex changes 
in infrastructure. This may be the main reason why most of the newly constructed power 
plants are not designed for district heating. However, applying a long-term perspective, 
CHP is a reasonable and economic option. 
• Electricity Transmission: A developed and efficient electricity transmission and 
distribution grid is an important precondition for power investments. In some Chinese 
provinces, power suppliers are unable to sell their electricity to other regions because of a 
poorly connected grid. This situation diminishes profits of power companies and is one 
reason for decreasing foreign power investments in China (S. Ohshita, 2005: 24).  
At the end of this sub-chapter, we state that CCCT diffusion in China is affected by a broad 
range of technological issues, both CCCT-specific and supplementary aspects, such as 
competition from other fuels and insufficient grid capacity. However, it is difficult to come to 
an overall conclusion since each province is facing a different situation and has different 
requirements for combustion technologies.   
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6.5 Summary: Current Obstacles to CCCT Diffusion in China 
In the previous subchapters, we identified several barriers, which currently hamper the 
diffusion of clean coal combustion technologies in China. In the following paragraphs, we 
summarize the results of our investigation by distinguishing five types of obstacles: 
management obstacles, policy obstacles, financial/economic obstacles, natural resources 
obstacles and technology obstacles. The purpose of this summary is to provide a basis for the 
elaboration of public policy options in the following section.    
• Management Obstacles: The development and diffusion of CCCT involve a broad 
range of public authorities at the central and provincial level, which are poorly 
interconnected. The fragmentation of decision-making regarding CCCT promotion 
results in policy inconsistencies and overlapping responsibilities. Many high-ranked 
state officials have an insufficient knowledge about the advantages of CCCT and stick 
to conventional combustion designs. This situation is partly due to underdeveloped 
formal and informal knowledge networks among central-level officials. A unified 
management of CCCT-related issues at the central level is urgently needed. Since the 
abolishment of the 1995 ‘State Clean Coal Technology Program Leading Group’, the 
national bureaucracy is lacking a central forum for coordinating CCT promotion 
policies.  
• Policy Obstacles: Even though China’s leadership has made numerous statements and 
enacted several laws in favor of CCCT, incentive policies to CCCT deployment are 
not strong enough.  Many environmental regulations incorporate major failures and 
are hardly implemented at the local level since most provincial governments prioritize 
economic considerations. The reform of China’s energy sector is inconsistent, giving 
it a ‘hybrid character’, which comprises both elements of a planning economy and a 
socialist market economy. This phenomenon creates a lack of outlook, transparency 
and provides unfavorable conditions for long-term investments in CCCT. Complex 
institutional requirements, e.g. time-consuming approval procedures and profit 
restrictions, and an insufficient protection of intellectual property deter potential 
foreign investors – mostly proper and highly competent Western companies which 
might function as prime movers for CCCT. Furthermore, China’s CCCT-related R&D 
activities stuck on a basic level and are chronically short in financial resources. Due to 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 90
that, China is in lack of combustion technologies, which are explicitly adapted to 
Chinese conditions, and depends on inputs of foreign governments and companies.      
• Financial/Economic Obstacles: Important actors in CCCT diffusion, such as 
provincial governments and Chinese power companies, are currently facing financial 
constraints and prioritize economic considerations. Provincial Environmental 
Protection Bureaus are politically weak and cannot win out over economic 
development agencies. China’s national power utilities are suffering from high coal 
prices and are still preceding the transition from state-owned enterprises to formally 
privatized companies. Increased competition among power companies inhibits the 
creation of knowledge networks. In addition to that, the central government’s general 
investments in CCCT are insufficient. As pointed out above, national R&D 
expenditure are by far too low to induce investments in CCCT. Jie and Zhufeng claim 
that financial shortages pertain each stage of CCCT promotion – from development to 
diffusion.   
• Natural Resources Obstacles: China is rich in coal reserves, but the structure of 
these resources, their quality and location hamper CCCT deployment. The deposit of 
qualified steam coals, which are most suitable for combustion processes in power 
plants, is limited. Most Chinese power facilities burn unwashed coal. This is owed to 
different problems, e.g. costs of coal washing facilities, shortage of water around coal 
mines and a lack of cooperation between the coal industry and power plant operators. 
Since most CCCT require high standards of coal quality, China’s low share of washed 
coal creates an obstacle to CCCT diffusion. Inappropriate coal transportation 
infrastructure brings up another barrier. Due to the concentration of China’s coal 
reserves in northern and western regions, limited transportation has become the 
biggest bottleneck to stable coal supply. It results in problems such as electricity 
shortages, coal price hiking, more demand for oil etc., all of which inhibiting 
investments in new, more sophisticated coal combustion designs.  
• Technology Obstacles: Technological issues are an important determinant of CCCT 
deployment in China. On the one hand, diffusion of high-efficient coal combustion 
technologies is affected by CCCT-specific features. Those include fuel flexibility, 
maturity of technology, plant size, thermal efficiency, operational performance, 
environmental performance, availability and reliability, construction time and capital 
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costs. All CCCT have individual characteristics and are therefore facing different 
technology barriers to diffusion. Supercritical (or ultra-supercritical) PF plants are the 
most efficient ones, but are less flexible regarding fuels and require a long 
construction time. FBC has the highest fuel flexibility but rather low efficiency. IGCC 
is the cleanest but most expensive combustion technology. Besides CCCT-specific 
technology obstacles, complementary technological considerations may inhibit CCCT 
deployment in China, such as competition from other energy sources. Currently, the 
share of gas-fired power plants is growing in China on expense of clean coal-based 
technologies. Besides, the limited capacity and poor interconnection of China’s 
transmission and distribution grids make CCCT diffusion more difficult.   
 
7. Policy Recommendations 
Derived from the obstacles identified in the previous chapter, this section presents a set of 
policy recommendations, which might stimulate CCCT diffusion in China. Taking into 
account the analytical framework developed in chapter 5, our policy recommendations imply 
a comprehensive approach, based on the assumption that technology diffusion is determined 
by a complex system of framework conditions. Our suggestions comprise of three pillars: 
Enhancing the management of CCCT promotion, creating a stimulating policy framework and 
inducing CCCT capacity building. In accordance with the Technological System Approach, 
all three elements affect each other and are interdependent (see figure 7-1).      
Figure 7-1 An Integrated Set of Policy Recommendations 
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Our policy recommendations address both ‘soft’ and ‘hard’ factors determining CCCT 
diffusion and include short-, mid- and long-term measures. For instance, intensifying Chinese 
R&D activities aiming at inventing domestic CCCT (see chapter 7.3.1) refers to the ‘hard’ 
fact that China is in need of combustion devices, which are technically adapted to its unique 
conditions. In contrast to that, measures such as the establishment of information 
dissemination mechanisms (see chapter 7.3.2) and enhancements in the management of 
CCCT promotion (see chapter 7.1) respond to ‘soft’ issues like China’s fragmented 
administrative structures and the lack of knowledge. The introduction of market mechanisms 
to the energy sector constitutes a long-term objective, whereas the enforcement of existing 
environmental regulations may achieve short-or mid-term effects on CCCT diffusion.    
The comprehensive character of our policy recommendations might lead to objections 
concerning their feasibility. As the Technological System Approach is a complete but very 
broad analytical framework, it is difficult to transform its assumptions into suitable policy 
measures. However, we respond to such criticism by pointing out that technology diffusion 
processes are very complex long-term processes (Strahl, 1991: 22). Therefore, their 
stimulation requires a comprehensive and forward-thinking set of policy measures. This is 
particularly valid for power generating technologies since they offer slow and rather low 
financial returns and have a long operating life.  
Furthermore, our analysis of obstacles to CCCT diffusion in China came to the result that the 
deployment of efficient combustion devices is hampered by a lack of long-term thinking 
within the national and local governments as well as power companies. Hence, the presented 
policy recommendations have to combine short- and mid-term options with ambitious long-
term measures. Some of the measures recommended below - for instance improvements in the 
design and enforcement of existing environmental legislation or financial incentives to CCCT 
adoption – might have positive short-term benefits on CCCT diffusion even if they were not 
framed by other, more sophisticated policies. However, we claim that the effects of these 
measures will be less strong if they are not embedded into a broad set of stimulating policies.     
  
7.1 Comprehensive and Effective Management of CCCT Promotion   
Actors are particularly important for the implementation of technological change. In order to 
fulfill this task, effective communication channels and administrative procedures are needed 
which ensure and organize collaboration among involved actors. The following sub-chapters 
The Diffusion of Clean Coal Combustion Technologies in China
  
Daniel Vallentin & Liguang Liu 93
contain recommendations, which might help to ease formal procedures and to improve the 
collaboration and connectivity among relevant actors.    
 
7.1.1 Creating a Central Forum for CCCT Promotion 
Our analysis of obstacles to CCCT diffusion shows that the deployment of efficient 
combustion technologies is, amongst other factors, inhibited by management failures, such as 
the fragmentation of CCCT-related decision-making at the central level. We conclude that 
China is in need of a unified management for CCCT development, which requires an 
intensified cooperation and communication among responsible State agencies. A revision of 
the 1995 abolished CCT Leading Group would help to alleviate policy inconsistencies and 
stimulate knowledge sharing. Furthermore, it might encourage the creation of CCCT-related 
networks, which strengthen technology advocates.  
A new CCT Leading Group should be led by the NDRC Energy Bureau, China’s main energy 
authority, and include representatives of all central agencies involved in CCCT diffusion: 
SEPA, MOST, MOFCOM and SERC. The group has to be provided with sufficient financial 
resources and infrastructure (staff, offices etc.). We suggest setting up a department or task 
force within the NDRC Energy Bureau, which is in charge of organizing and carrying out the 
Leading Group’s work. Compared to 1995, the CCT Leading Group should be provided with 
expanded competencies. They might include:  
• Formulation and adaptation of CCCT-related strategies and policies; 
• Monitoring of policy implementation; 
• Distribution of CCCT-related knowledge (e.g. conducting diffusion workshops). 
According to these competencies, the Leading Group is responsible for formulating policies 
and spreading information related to CCCT – both within State agencies and among 
companies. The formulation and adaptation of CCCT policies in common with all responsible 
State authorities is crucial in order to create a consistent policy framework. Distributing 
CCCT-related knowledge is an important tool to increase the openness of public officials and 
power managers towards CCCT. This task requires well-informed policy-makers. We suggest 
that an advisory committee, which gathers representatives of manufacturers, power 
companies, universities and research centers, supports the Leading Group. The committee’s 
key tasks might be to monitor and analyze the development of and potential for CCCT 
adoption in China as well as international trends in CCCT promotion, both of a technical and 
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political kind. Based on the results of these activities, the committee would give 
recommendations to the CCT Leading Group.  
Figure 7-2 Model for a Unified CCCT Policy Decision-Making System 
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bureaucratic system. Currently, international power investors cannot manage the approval 
procedure without Chinese partners, which is due to the fact that the investing parties are 
supposed to contact all responsible authorities.  
We recommend to establishing so-called ‘One-Stop Agencies’ (OSA) at the national stage 
and in each province. One-Stop Agencies are administrative entities which guide investors 
through all stages of the investment process, including project planning, application for 
approval, approval procedure and project implementation. They recommend suitable locations 
for investment projects, provide investors with information and give advice. Most important, 
OSA manage the approval procedure. They contact the responsible authorities, submit 
required documents and function as a ‘bridge’ between investors and the administrative 
system. OSA are constantly in touch with the involved agencies and inform the investor about 
the present state of the procedure. Doing so, they speed up the whole approval process and 
make it more transparent.  
Figure 7-3 Current and Recommended Approval Procedure 
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between national and provincial OSA, it is very important to install stringent and reliable 
mechanisms of communication and collaboration. In case of CCCT investments, national and 
provincial OSA should operate in close cooperation with the new CCT Leading Group.   
Apparently, the introduction of One-Stop Agencies to a highly complex administrative system 
such as the Chinese one is very ambitious. It demands high awareness of the difficulties 
caused by China’s intertwined bureaucratic system and a strong motivation to solve these 
problems. Most important, it requires a change in the official’s way of thinking as OSA 
constitute a new kind of link among the public administrative system and private investors. 
However, once being established, OSA may provide valuable short-term benefits since they 
optimize existing administrative procedures instead of promoting time-consuming structural 
reforms of China’s bureaucracy. By simplifying the approval procedure for power projects, 
OSA might improve China’s environment for foreign investments and have an indirect effect 
on CCCT diffusion. The competencies of Chinese national and provincial OSA do not 
necessarily have to be limited to power investments. Instead, they could cover various kinds 
of investments, particularly projects, which call for central approval.  
 
7.2 Creating a Stimulating Policy Framework 
As pointed out in chapter 5.3, political interventions in technology diffusion processes are 
motivated by market failures and institutional failures. ‘Fresh’ public policies may help to 
alleviate technological lock-in effects by overriding market mechanisms and substituting 
legislation, which is in favor of outdated, polluting technologies. Governments have a rich set 
of policy instruments in order to foster technology diffusion processes. In the following sub-
chapters, we present a mix of strategic, regulating and inducing policy measures, which, in 
combination, might create a stimulating policy framework for CCCT diffusion in China.     
 
7.2.1 Provision of a Long-Term Energy Strategy 
Traditionally, China’s policy-making is carried out in Five Year Plans. Since most 
investments in the energy sector are long-term and capital-intensive projects, the energy 
industry requires a strategy, which goes far beyond the usual planning period of five years. 
Currently, power investors are suffering from a lack of outlook to future political measures. 
As a consequence, many foreign investors, which are of decisive meaning for CCCT 
diffusion, are leaving the Chinese market. In order to improve conditions for CCCT 
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investments, the Chinese leadership is suggested to draft a long-term national energy strategy, 
which includes guiding principles of China’s future energy policy, clearly scheduled targets 
for relevant energy sources, fuels and technologies, plus a reliable outlook to future reforms 
of the energy sector’s organization. The energy strategy functions as a ‘roof’ for more specific 
policies, which are outlined in the following chapters, and determines the overall course of 
China’s energy policy.  
China’s energy strategy should stress the importance of a sustainable energy supply, strong 
market forces and energy conservation. It might sketch the potential and future role of all 
relevant fuels and energy sources, reflecting their desired share in China’s energy supply in 
the coming decades. Besides, the Chinese leadership may wish to identify some key energy 
technologies, covering all stages of the energy system, the development and deployment of 
which are particularly fostered. Concerning the area of electricity generation, we suggest to 
set up clearly scheduled efficiency and emission targets. In order to meet these targets, the 
energy plan should include some policy measures, which induce improvements in efficiency 
and emission discharge.  
Regarding China’s coal industry, the energy plan should encourage merging and acquisition 
activities since the country’s coal production industry is characterized by a large number of 
mines with little connection. The creation of bigger production units would improve the 
financial situation of Chinese coal companies and might lead to investments in modern 
mining equipment. The central government is suggested to promote and induce the 
application of coal washing procedures, which improve coal quality and increase the share of 
coal, which is suitable for modern clean coal combustion technologies. Coal quality is a key 
factor in negotiations among coal producers and power companies. When coal supply cannot 
catch up with coal demand, some coal mines do not follow the coal purchase agreements 
arranged with power companies and deliver low-quality coal for relatively high prices. The 
energy strategy should outline measures to end such behavior in order to alleviate risks for 
CCCT adopters.  
Besides sector-specific measures, the Chinese energy strategy might give a broad outlook to 
future reforms of energy sector organization. Since the energy sector is in the mid of a 
transition process from a planned to a market-oriented industry, a clear political strategy is 
required to reduce uncertainty for possible CCCT investors. It is important to establish 
stringent mechanisms of monitoring and supervision, which control the strategy’s 
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enforcement and provide a regular analysis of the energy sector’s restructuring process. The 
results of the monitoring process create a good opportunity to realize on which fields further 
reforms are needed. Being published in an annual report, they would furthermore lead to an 
increase in transparency and improve conditions for technology investments.  
 
7.2.2 Promoting a Stepwise Electricity Market Reform 
Governmental price controls of energy products, such as electricity, have a long tradition in 
China and lead to economic inefficiencies. At present, China’s energy sector is in a transition 
from a planned to a market economy. Generally spoken, strong market forces and competition 
in the energy sector have not only positive but mixed effects on the diffusion of 
environmental benign technologies. At the power generating stage, the liberalization of 
electricity prices puts stronger emphasis on costs and could therefore inhibit the diffusion of 
more expensive, advanced power production technologies. On the other hand, market prices 
reflect actual production costs and urge companies to produce electricity in more efficient 
ways. At the transmission and distribution stage, liberalization is considered as rather negative 
for clean technology deployment since private ownership of the grid might lead to the 
discrimination of certain electricity suppliers. This complex set of factors shows that, in order 
to foster the diffusion of clean coal combustion technologies in China, the issue of electricity 
market reform requires a well-reflected and differentiated discussion.  
The reform of China’s energy sector is in its initial phase and still arduous. A series of 
fundamental conflicts and problems, which directly and indirectly impede CCCT diffusion, 
have not been completely resolved. As claimed in chapter 6.3.2, the main problem is currently 
constituted by inconsistent pricing systems for coal and electricity. Whereas coal prices are 
liberalized and continuously rising, electricity prices remain fixed by the government and 
stuck on a relatively low level. The government is recommended to introduce a market-
oriented power pricing system, which reflects rising fuel costs and China’s increasing demand 
for electricity. Doing so, the national leadership would provide power companies with capital 
to invest in clean coal combustion technologies and induce improvements in the efficiency of 
China’s power generation industry.  
Considering that China is a large country with strong economic imbalances between different 
areas and the people or industry’s payment ability, electricity-pricing reform can only be 
carried out in a gradual manner. Strengthening market forces in the country’s energy sector 
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has to be seen as a long-term target. This statement recognizes the fact that China’s 
government has an essential political interest in fixing electricity prices at a low, stable level. 
Government control reflects both the importance of the electricity industry for the economy 
and society and the government’s preference for stability over speed of reforms (Zhang, 2003: 
19). Taking into account these factors, it seems to be a feasible way to introduce market-
determined electricity prices in a ‘pilot area’ first in order to demonstrate possible effects. 
Afterwards, the pricing system could be expanded to other areas.  
The Chinese government has already made the first step. In 2003, it launched a ‘power 
pooling system’ in two regions (China Daily, 2003) with a bidding mechanism for the sale of 
electricity to the grid. The objective is to reduce the price of electricity for consumers by 
forcing power producers to reduce their costs and increase efficiency since the cheapest 
producers will be dispatched in priority. Being strongly focused on low electricity tariffs, this 
pilot project implies a lack of incentives for clean power. The Chinese government is strongly 
recommended to frame electricity pricing reforms with incentive mechanisms to CCCT 
adoption since it is an undeniable fact that direct costs of CCCT are the key barrier to their 
wide deployment. A liberalized electricity market alleviates price distortion but does not solve 
this obstacle. Hence, it is highly important to complement energy market reforms with 
policies, which might help to steer the market in a sustainable direction (see chapters below).  
In contrast to the electricity generation industry, China’s power transmission and distribution 
grid should remain state-owned. It is the government’s task to assure that the bidding 
mechanism for selling electricity to the grid works out smoothly and that the most competitive 
suppliers receive access to the grid. Besides, the central leadership should improve the 
interconnection among regional power grids and expand their overall capacities because a 
well-connected and modern grid is a crucial condition for investments in power generation 
technologies.  
 
7.2.3 Improving the Design and Implementation of China’s Environmental Legislation 
Since the main rationale of clean coal technologies is to “enhance both the efficiency and the 
environmental acceptability of coal extraction, preparation and use” (WCI, 2002: 24), the 
quality and implementation of China’s environmental legislation has a high meaning for 
CCCT diffusion. We stressed in the previous chapter that market reforms have to be 
complemented by effective policies, which ensure a sustainable modernization of China’s 
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energy sector. However, at present, China’s environmental legislation does not function as a 
driver of CCCT deployment, which is mainly attributed to failures in the design and 
implementation of many environmental laws. Nevertheless, China’s environmental policy has 
become more progressive during the last decade, putting more emphasis on market-oriented 
instruments than on command-and-control approaches. The Chinese leadership is proposed to 
keep this course since economic and market-based instruments are more suitable to stimulate 
CCCT diffusion (Kemp, 1997: 324). However, the government should pursue a more 
integrated approach of environmental policy, incorporating environmental issues into other 
policy area’s legislation, for example financial, industrial and energy policies. Doing so, it 
could avoid policies inconsistencies, which impede the effects of environmental laws.  
The political leadership is recommended to make strong efforts in the enhancement and 
enforcement of existing environmental laws rather than creating new, complex regulating 
systems. A properly designed and implemented SO2 Pollution Levy System could function as 
a catalyst for CCCT diffusion. In contrast to that, we consider the frequently demanded 
introduction of a national emission trading system as a long-term option since its 
implementation requires a high amount of bureaucratic capacities and is more complicated 
than optimizing China’s current Pollution Levy System.  
Measures aiming at improving the enforcement of existing environmental regulations have to 
address both pollutants and public authorities, which are in charge of implementing 
environmental legislation. At the firm’s side, compliance with environmental legislation may 
be fostered by detailed implementation rules. China’s environmental laws should not only 
introduce limits to pollution or other requirements, but also detailed time limits, standards for 
environmental monitoring and sanctions for non-compliance. Regulations such as the U.S. 
Clean Air Act or national policies for air pollution in the EU may serve as examples for the 
formulation of effective implementation rules.  
Apparently, China’s political leadership has realized the necessity of environmental 
enforcement rules. In 2003, it enacted the Cleaner Production Promotion Law, which contains 
progressive instructions on implementation. Enterprises are obligated to monitor their 
resource consumption and generation of waste during the course of production and have to 
report the results to the responsible public agency (Cleaner Production Promotion Law, 2002, 
art. 28). Furthermore, the law includes an incentive system to meet discharge standards. After 
an enterprise attains a national or local standard, the company may achieve an environmental 
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certificate and its name will be published in “the primary local media” (op. cit.: art. 29). 
Enterprises, which are not in compliance with environmental standards, have to pay a fine and 
are mandated to conduct “cleaner production audits with respect to production and service 
procedures according to need” (op. cit., art. 28).  
The implementation rules of China’s Production Promotion Law should function as 
inspiration for other environmental laws, which affect the efficiency of China’s power sector. 
Particularly environmental auditing systems may induce the integration of environmental 
considerations into economic processes and decision-making. They could increase the 
environmental awareness of power companies and stimulate CCCT diffusion. Fines imposed 
on firms, which violate legislative rules, provide economic incentives to compliance and, 
therefore, may function as drivers of investments in efficient coal combustion equipment. 
In addition to setting up detailed implementation rules, the enforcement of environmental 
regulations by firms may be enhanced by providing them with necessary monitoring 
equipment. Jim Watson points out that many Chinese power companies cannot enforce 
environmental rules because no environmental equipment is fitted (Watson et al, 2001: 66). 
For instance, many firms are missing the equipment to measure the sulfur content in coal 
which is the typical measure used for applying the SO2 levy. One reason is that many 
environmental monitoring technologies are imported and very expensive. As a partial 
solution, the Chinese government could push the formation of joint-venture companies, which 
acquire the relevant technologies and manufacture the appropriate products in China (op. cit.).  
Regarding public authorities, enforcement of environmental legislation is mainly hampered 
by low capacities and environmental awareness at the local level. In order to foster and 
monitor compliance with environmental laws, the capacities and competencies of local 
environmental agencies should be increased. Especially provincial Environmental Protection 
Bureaus, which play a central role in enforcing national environmental legislation at the local 
level, are facing a continuous lack of political power and financial and personnel resources. 
Even though the national leadership has strengthened the EPB during the last two decades, 
their work is hampered by the priority of economic development at the provincial level. We 
recommend to intensifying efforts in increasing environmental awareness of provincial 
officials and educate them in the economic advantages of high-efficient technologies. 
Besides, there should be an intensified collaboration and communication among 
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environmental and economic agencies in order to combine and adapt economic and 
environmental considerations.  
 
7.2.4 Providing Financial Incentives to CCCT Adoption  
Financial incentives play a central role in diffusing CCCT since they create markets for high 
efficient and environmental benign combustion technologies. In the following lines, we 
distinguish between national and international instruments or mechanisms, which may 
stimulate CCCT investments.  
At the national level, the Chinese government is recommended to introduce tax advantages 
and funding programs for CCCT. Again, the SO2 Pollution Levy System might function as an 
important means to stimulate CCCT deployment. The Chinese leadership might raise the fee 
in areas with stringent environmental protection legislation and introduce a refined set of tax 
rates, which differ from the environmental impacts of companies. For enterprises that apply 
advanced technologies and have low emissions, the fee should be reduced. For companies, 
which do not use efficient technologies and have a negative impact on the environment but do 
not exceed existing emission standards, the fee should be raised in order to encourage 
technology investments. On highly polluting enterprises, which exceed emission standards, 
the leadership should impose a high tax rate and perceptible sanctions which change the 
pollutant’s behavior. 
Besides giving tax advantages, the Chinese government may promote CCCT adoption by 
subsidizing investments in expensive technical items. China’s power companies are currently 
realizing massive capacity expansion programs, which are mainly financed by State bank 
credits. As a first step, the national government should urge China’s State banks to integrate 
environmental criteria into the assessment of a power investment project’s creditworthiness.  
Second, the political leadership is recommended to introduce a funding program, which 
provides financial support to CCCT projects. Since improvements in environmental 
legislation and the management of clean coal combustion promotion have rather indirect 
effects on CCCT deployment, financial support explicitly devoted to CCCT may be a good 
supplement to the policies outlined above. We suggest that the program makes a distinction 
between three categories of CCCT projects: Commercial CCCT projects which have 
moderate environmental benefits, CCCT projects, which will be commercial in a foreseeable 
future and have strong environmental benefits, and projects which will be commercial in a 
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long-term but have an excellent environmental performance. Projects belonging to the first 
category should be provided with moderate financial support, such as credits for plant 
construction, which have low interest rates and are supposed to be paid back after the plant is 
put into operation. The second type requires higher funding and could be backed up by 
technical innovation loans, energy conservation loans or other kinds of financing mechanisms 
(Clean Coal Engineering & Research Center of Coal Industry, 2003: 156). The third category 
needs even stronger financial support, which might be given by exemptions from major taxes, 
such as the value-added tax (VAT), income taxes or land holding taxes (op. cit.). By offering 
financial support for CCCT investment projects, reductions in SO2 discharge and embedding 
environmental considerations into the assessment of a project’s creditworthiness, the Chinese 
government could establish a comprehensive system of economic incentives to CCCT 
diffusion. 
In addition to creating financial incentives at the national level, China may accelerate CCCT 
diffusion by increasing its benefits from international financing schemes. The Clean 
Development Mechanism (CDM) is one of three flexible mechanisms endorsed by the Kyoto 
Protocol to the Framework Convention on Climate Change (FCCC) in 1997. It is considered 
as the most important mechanism, as it allows developed countries to invest and implement 
emission reduction projects in developing countries and receive credits for these projects in 
the form of ‘certified emission reductions’. Since China’s emission abatement costs are 
extremely low compared to those of developed countries, its participation in CDM will attract 
a large amount of investments from industrialized countries. Many experts believe that CDM 
offers unique opportunities to bring considerable short-term benefits to China, including 
foreign investments and advanced technological equipment, such as high efficient boiler and 
power station technology (Jin/Liu, 2000: ii). Hence, the mechanism might help to transfer 
knowledge and capital for CCCT diffusion to China. 
However, the instrument incorporates the potential danger of technology dependency on 
foreign suppliers over a long period of time. This would be negative for China in terms of 
promoting its own sustainable development (op. cit.). Furthermore, it is not assured that the 
combustion technologies imported by the mechanism are actually diffusible since they might 
not be sufficiently adapted to Chinese conditions. Hence, it is important that China plays an 
active role in CDM negotiations and insists on certain conditions, e.g. close cooperation 
among international owners of CCCT property rights and Chinese equipment manufacturers. 
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Doing so, the Clean Development Mechanism might be consistent with China’s long-term 
sustainable development and function as a driver of CCCT deployment. 
Taking part in the Clean Development Mechanism, China is permitted to receive financial 
support from related funds, such as the Prototype Carbon Fund (PCF). The PCF, established 
in the World Bank in 1999 and scheduled until 2012, allocates a sum of US$ 85 million, 
contributed by five governments (Canada, Norway, Sweden, Finland, Netherlands) and 17 
private companies (e.g. RWE, MIT Carbon, British Petrol). The money is supposed to be 
invested in emission reduction projects within the framework of the CDM. Contributors in the 
PCF receive a certain share of the obtained Emission Reductions. So far, PCF has financed a 
coal-mine-methane project in China. In order to stimulate the deployment of efficient coal-
fired combustion technologies, the Chinese government could apply for a project, which aims 
at improvements in the efficiency of China’s coal-fired power plants. 
China’s government is furthermore recommended to continue and intensify its cooperation 
with international financing institutions, such as the Global Environmental Facility (GEF), 
World Bank and Asian Development Bank (ADB). GEF has already provided financial 
support to energy efficiency improvement activities, but there has not yet been any direct 
funding for the promotion of advanced CCCT in China .The World Bank is a strong advocate 
of CCCT popularization in developing countries. For instance, it has provided an economic 
assessment of different CCCT with specific respect to the unique Chinese circumstances. 
Since the World Bank’s investment guidelines require that projects are economically and 
financially viable, funding might be particularly directed to measures stimulating the market 
diffusion of CCCT. The Asian Development has been and still is a very important source for 
carbon reduction projects in China. It is very active in the Chinese power sector and provides 
support to power plant rehabilitation and efficiency improvement projects. Amongst other 
activities, ADB financed a feasibility study of an IGCC plant located near to Beijing (Nautilus 
Institute, 1999: 47). In September 2004, the institution started up a new project, which aims at 
introducing advanced coal technology to the Chinese markets. The Chinese government is 
recommended to maintain its close collaboration with the ADB. 
 
7.3 Inducing CCCT Capacity Building 
The Technological System Approach developed by a Swedish group of researchers stresses 
that ‘soft’, non-technical factors are highly important for technology diffusion. Carlsson and 
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Stankiewicz claim that technological systems are “defined in terms of knowledge/competence 
flows rather than flows of ordinary goods and services” (Carlsson/Stankiewicz 1995: 49). 
Aiming at accelerating the deployment of CCCT in China, the central government may apply 
several means to induce CCCT capacity building. We focus on improvements in CCCT-
related R&D activities and information dissemination mechanisms since both aspects 
complement each other: Whereas the first addresses the need to develop Chinese combustion 
technologies, the latter is supposed to increase the knowledge of economic and political 
decision-makers about CCCT.    
 
7.3.1 Intensifying China’s Energy Research and Development Activities 
Many industrialized countries input high amounts of money to programs, which carry out 
basic research, technology development and demonstration as well as international 
cooperation and technology transfer projects with regard to combustion technologies for coal-
fired generation. Compared with international CCCT exporters, China is a technology 
recipient. Due to deficiencies in its energy R&D activities, the country is heavily dependent 
on transferred technology, which results in several negative effects. Firstly, it weakens the 
capacity of domestic R&D institutions. Secondly, it increases the costs of CCCT adoption 
since imported technologies are more expensive than domestic designs. Thirdly, high costs 
and insufficient R&D programs might lead to violations against intellectual property right. 
Improvements in China’s CCCT-related R&D activities can be undertaken by the following 
means: 
• Increasing Financial Input: China’s investment in energy R&D is far from being 
adequate. It is a must to increase financial support for R&D in order to cultivate CCCT – 
both at the side of the power companies and the Chinese government. CCCT-related R&D 
activities have to be carefully coordinated with the CCCT funding program suggested 
above in order to avoid overlaps and inconsistencies.  
• Setting R&D Priorities: To make the most effective use of limited financial resources, 
China’s R&D policy should pursue a strategic and focused approach. The Chinese 
government is recommended to identify key technologies in energy R&D, being in 
accordance with the key energy technologies determined in the energy plan. They should 
reflect the objective to provide own intellectual property, which is adapted to Chinese 
needs.     
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• Integration of R&D Activities: As pointed out in chapter 6.3.5, China’s activities in 
research, development, manufacturing etc. are undertaken by different entities. R&D units 
are separated from manufacturers and power companies. The Chinese government should 
motivate the involved actors to cooperate with each other and share results. Industrial 
associations, which have been State Bureaus in former times, might function as a bridge 
between participating industries, e.g. the coal industry and the power sector. In addition to 
that, the government itself is recommended to establish partnerships with enterprises in 
order to adapt government R&D programs to the needs of the involved companies.         
• Collaborating with International CCCT Exporters: The Chinese leadership should 
encourage R&D institutes to participate in international CCCT programs and cooperate 
with foreign institutes, researchers etc. in order to gain knowledge. There are some 
international R&D programs that are in progress, like Coal 21 (Australia), FutureGen 
(USA), EAGLE Project (Japan) and the AD 700 Power Project (Europe) (WCI, 2004: 14). 
Chinese participation in international CCCT programs might be fostered by strategic 
partnerships between China and other governments. The China-EU collaboration is a very 
good example for international collaboration in energy development and research. China 
and the EU have formed a working group, which serves as a “mechanism of guidance, 
coordination and supervision for China-EU energy cooperation (MOST press release, 
10.3.2005). Chinese and European researchers share information about recent CCCT 
developments and developed a EU-China Clean Coal Action Plan. China should establish 
similar partnerships with other important CCCT exporting countries and build 
international R&D networks.     
 
7.3.2 Establishing Information Dissemination Mechanisms 
CCCT diffusion in China is hampered by a lack of long-term thinking, openness and 
environmental awareness of Chinese power managers. In China’s planned economy, power 
companies were only electricity producers, paying little attention to costs and prices, whereas 
in the market economy, power utilities have more chances either to increase profitability or to 
make losses. Facing these new opportunities, power managers need to consider each 
parameter of investments in advanced combustion technologies and apply a more broad and 
long-term perspective. When considering cost issues, they should favor combustion 
technologies with low life-cycle costs, instead of technologies with low initial capital costs.       
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In recognition of these challenges, it is important to inform and educate managers about the 
economic and environmental advantages of clean coal combustion technologies. In chapter 
5.3.2, we mention that information dissemination mechanisms can be provided with 
communication instruments, such as workshops etc. We propose that the CCT Leading 
Group, since it is in charge of distributing CCCT-related knowledge, establishes some 
diffusion mechanisms. Those should include training sessions for power managers and key 
employees in order to increase their technical capabilities and environmental awareness. We 
recommend to conduct diffusion seminars which offer sight visits to showcase demonstration 
project operation and presentations hold by international and Chinese CCCT users who 
describe their experiences and explain environmental and economic features of CCCT. In 
addition, potential adopters of CCCT should be informed about opportunities to receive 
financial support, both from Chinese and international funding programs. 
Organizers of former CCCT promotion projects, for example Japan’s CCT transfer program, 
experienced that diffusion seminars had not been well attended. They attributed the poor 
attendance to a lack of environmental awareness among enterprise staff and weak regulatory 
incentives for adoption of CCCT (Ohshita, 2002: 69). This confirms the conclusion drawn in 
chapter 5.3.2 that communication instruments are only useful as additional means, not as 
substitutes for regulatory or economic incentives. Therefore, it is very important that 
information dissemination mechanisms are supplemented with a stimulating policy 
framework.
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